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PRINCIPLES OF CHEMISTRY 


(PART FOUR) 


OHAPTEB XXI 

CHROMIUM, MOLYBDENUM, TUNGSTEN, URANIUM, AND MANGANESE 

SuLPnuR, selenium, and tellurium belong to the uneven mrlm of tho 
flixth group. In the oven series of this group there are known chro- 
mium, molybdenum, tungsten, and uranium ; these give acid oxides 
of the type B0 3 , like S0 3 . Their held proportion are less sharply 
defined than those of sulphur, selenium, and tellurium, an in tho mum 
with all elements of the even series as compared with those of tho 
uneven series in the same group. But still the oxidea CrCVj, MoO a , 
WO ? , and bven U0 3 , havo clearly defined acid properties, and fora* 
‘salts of the composition M0,nR0 3 with Ij&lfos MO, In the mm of tho 
heavy elements, and ospooially of uranium, the typo of oxide, UO a , 
is less aoidi and more basic, because in the even series of oxides tho 
element with the highest atomic weight always acquire* a more ami 
'more pronounced basic character. Hence UO a ahowa tho proportion of 
a base, and gives salts UO s X a . The basic proportion of chromium, 
molybdenum, tungsten, and uranium are most clearly expressed in tho 
lower oxides, which they all form. Thus chromic oxide, Cr t O ai h m 
distinct a baso as alumina, A1 9 0 3 . 

Of all theso elomonts chromium is the moist widely distributed 
and the most frequently used. It gives chromic anhydride* Cr0 9l and 
ohromio oxide, Or a O a — two compound® whoso relative amounts of 
oxygen stand in the ratio 2:1, Chromium la, although Mtmwhat 
rarely, met with in nature as a compound of urn or tho other type. 
The red chromium ore of tho Unix, load chromate or crocoiiita 
PbCr0 4 , was the source in which chromium was dincovered hy 
Yauquelin, who gave it this name (from the Greek word signifying 
colour) owing to the brilliant colours of ite compounds ; th« chromates 
(salts of chromic anhydride) arc rod and yellow, md tho chromic suite 
(from Cr 8 0 3 ) green and violet. Tim red lead chromate Is, however, & 
rare chromium ore found only in the Urals md in a few other localities. 
Chromic oxide, Cr 9 0 3 , is more frequently met with. In small qmufcitem 
it forms the colouring matter of many minerals and rookie for example, 
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of some sorpontinos. The commonest ore, and the chief source of tho 
chromium compounds, is tho chrome iron ore or chromite, which occurs 
in tho Urals * and Asia Minor, California, Australia, and other 
localities. This is magnetic iron ore, FoO,Fo a 0 3 , in which tho ferric 
oxide is replaced by chromic oxide, its composition being FoO,Cr a O a . 
Chrome iron oro crystallises in octahodra of sp. gr. 4’4 , it has a fooblo 
metallic lustre, is of a greyish -black colour, and gives a brown powder. 
It is very feebly acted on by acids, but when fused with potassium 
add sulphate it gives a soluble moss, which contains a chromic salt, 
besides potassium sulphate and ferrous sulphate. In practice thd 
treatment of chrome iron oro is mainly carried on for the preparation 
of chromates, and not of chromic salts, and therefore w© will trace the 
history of the element by beginning with chromic acid, and especially 
with the working up of the chrome iron ore into potamum dichr ornate, 
K a C‘r a O v , as tho most common salt of this acid. It must bn remarked 
that chromic anhydride, (?r()j, is only obtained in an anhydrous state, 
and is distinguished for its capacity for easily giving anhydro-Balts 
with the alkalis, containing one, two, and oven three equivalents of the 
anhydride to one equivalent of base. Thus among the potassium salts 
there k known the normal or yellow chromate, K a Cr0 4 , which corre- 
sponds to, and is perfectly komorphovm with, potassium sulphate, easily 
forms komerphouH mixtures with it, and is not tharefuro suitable for a 
process in which it is necessary to separate the salt from a mixture 
containing sulphates. As in the presence of a certain excess of acid, 
tho dicimmmte, K/>/) 7 « 2K/M> 4 4* 2IIX — 2KX — II/), is easily 
formed from K s Cr0 4 , tho object of the manufacturer is to produce 
such a dichromate, tho more so m it can tains a larger proportion of the 
elements of chromic acid than the normal salt* Fmdy-groimd chrome 
iron ore, when heated with m alkali, absorb# oxygen almost a* easily 
(Chapter III, Mote 7) mi a mixture of the oxides of manganese* with 
tvn alkali. This absorption is due to the presence of chromic oxide, 
which m oxidised into tho anhydride, and then combines with the 
alkali Cr a 0 3 4- 0 4 — 2Cr0 3 . A® tho oxidation and formation of tho 
chromate proceed®, tlm imuii turns yulUm* The iron is also oxidised, 
but docs not give ferric add, bceaumi the capacity of the chromium for 
oxidation k incomparably greater than tlmt of the Iron. 

A mixture of lima (sometimes with potash) and chrome iron or# 
is heated in a reverberatory furnace, with free access of air end at a 

Tim working of the Uml etaogft* Iron or* into timmiUm ©ampomtde hm been 
firmly Mtahliahod in Rttaaf*, thank* to the mimmmm of P. K. Unkakeif, who eon* 
BtroeM larga work a for this pwtp®m m tk« rtv#r Kama, nmr Skrixmgf, where m much 
m *J,WKi ton* of «*r« am tmafcod year ty, ©wing to wtyeh Uw importatiott of ©hmmiom pr#» 
pftmUoM in la Ea§tU hm eea«ed 
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rod boat for several hours, until the mass becomes yellow ; it then 
contains normal calcium- chromate, CaCr0 4 , which is insoluble in 
water in the presence of an excess of lime, 1 The resultant mass is 
ground up, and treated with water and sulphuric acid. The excess of 
lime forms gypsum, and tha soluble calcium diehrom&te, CaOr a O n 
together with a certain amount of iron, pats into solution. The 
solution is poured off, and cludk added to it ; this precipitate* the. 
ferric oxide (the ferrous oxide is converted into ferrio oxide in the 
furnace) and forms a fresh quantity of gypsum, while the chromic sold 
remains in ^elution— that is, it cIckjh not form the sparingly-solublc 
normal wdt- (1 part soluble in 240 parts of water), The solution then 
coni nine a fairly pure calcium diehromate, which by double docuni« 
position gives other chromates ; for example, with n solution of potassium 
sulphate it gives a precipitate of calcium sulphate and a solution of 
potassium diohroimte, which orjritolUtci whtn evaporated' 9 

P&kmmmm dwhrmmk , Kfit^Op easily ttyetaUiae* from arid §du« 
Mans In red, wall* formed primnatlo crystals, which fuse at a ml heat 
and evolve oxygen at a very high temperature, leaving chromic oxide 
Mid the normal salt, which undergoes no further change : 2K/Jr s O^ 
*K 2K/hf > 4 -f ( -r a < te H Oj. At thu ordinary temperature 10U parti 
of water dissolve lu parta of this salt, and Urn solubility iumw m 
the temperature rimm, It it most important to note that tht 
dichrotmte' doe* uot contain water, It i« K 3 Cr0 4 4“ C ?rO a # the acid 
Halt c&mapunding to potassium mid sulphate, KIJB0 4t docs not exist. 
It doe* not even evolve heat when dissolving in water, but on the ecu* 
tr&ry produce* cold, ♦,«#. it d not form a very stable compound with 
water. The solution and tlm salt iUulf are poisonous, and mi m 
powerful oxidising agent*, which is the character of chromic add in 
general, When heated with sulphur or organic sulwUmw*, with 
sulphurous anhydride, hydrogen sulphide, »Vo., thin suit in deoxidised, 
yielding chromic eomg>oiutcls. v Ma l’otasaium dkhroumte 5 h uhh ) in the 
arts mud in cbwbtey m a mmm for tlm prepturation of all other 

i *t» Bui Um dwaiste k soMfe I# wrttf ta Vb* pmmmm of »n «««••# of 

sfovomfe seM, m mar bs •*» frow fb* (set that a wAv&km of nkmmk mU 
lint. 

1 Yhora m-ti many ?ftrtettes*« ta t.W AvtsiU of tlm prtirasaM, sad Una* 

*m*»l t*> 1^4*4 f**r it* mmk a m taebatcot hat w# »a| add IU*I lh« chrumal* 

*a«y lw« \»f •lightly vtHMtUng t»ri*|U*U** t4 ft ml slut** ef chrome Iron «?t4 

li*w t s«*l Umn U*p taiultatil ttiM to tlm seU««a of meat air Ss *bft«ttttd« 

Slat *#*«•» Isujj© 

•** Tim i*Ki>li*itts <»? p‘«Uiiiuw &tcbr«w*t*> *»«* erganle iutat&ftrti at thl 

tetttpefftlufff ia £#)«>*' UUy uwrte'l tmter Ite »Hi«m of light That It Oft 
fatsKta, m PosIvmi *ft#c»wr«4 \ tin® u t»* |»Ui4^gts| > *by 4» tb* prucoitsi of 


Wmt Mum I m p« W* 
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chromium compounds. It is converted into yellow pigments by means 
of double decomposition witli salts of load, baiium, and zinc. When 
solutions of tho salts of these metals are mixed with potassium 
dichromato (in dyeing generally mixed with soda, in order to obtain 
normal salts), they are precipitated as insoluble normal salts ; for 
example, 2BaCl fl + K % Gr t 0 7 + H a G « 2BaCrO< + 2KC1 * 2H01. It 
follows from this that these salts are insoluble in dilute acids, but 
tho precipitation is not complete (as it would be with tho normal salt). 
Tho barium and zinc salts are of a lemon yellow colour ; the lead salt 
lias a still more intense colour passing into orange. Yellow cotton 
prints arc dyed with this pigment. Tho silver salt, Ag a 0r0 4l is of a 
bright ml colour. 

When potassium dichromato h mixed with potassium hydroxide 

gravure, photmlithnftrftphy, plgmimt printing, &o, Untlor tho action of light this gotuthi 
in osidiwod, anti tli m fUmtuio nnhydridn tteixidtea! into Hirnmin cochin, whioh uni to ft with 
tho gt'lutin ami forum a compound Inmiluhln In warm water, whilst whom tho light hum nob 
aoUnl, tho gelatin rntjiivimi tmluMo, itti projK*rtit5H boing unafftu'Uul by tho prtmuucti of 
chromic? arid ».r m*W»4um diuhrmutite. 

* Ammonium and sodium dtehrcmmtes am now also prepared cm a largo wale. Tim 
sodium salts may te prepared in exactly the mama mannnr m those of potaiuilnro. Tho 
normal sslt oomhinmi with ten iH|uivnW«ts of water, like OWubor'ti mil, with whleh it fi 
iaomorphoua. Its solution abovo 80® dvftotiU tho anhydrous Balt, Both’ urn diehrorrmta 
ory state contain NagGr a ()7,9ll a O, Tho ammonium salt* of ehromie arid am obtained 
by saturating tho anhydridci it?«?lf with ammonia, Tim dirhromate te otitahnnl by 
saturating unit part of ihn anhydride? with ammonia, and them adding a *"?tmd part of 
anhydride? and svap«* rating muter tho rtwivrr of an air-pump. On ignition, tho m-ruud 
and arid snlU teavo ihrottsir indite. DoUsamm ammonium rhmnmte, N U 4 Kt‘r0 4 , te 
ehUinod In ycdhtw rtoodloN from a solution of jwtteuwium dichrnnmte in aepremi? ammonia; 
it not only huitm ammonia and luHwmtw tnmvcnrUHl into potassium dUdirmuinte whim 
Ignited, hut aten hy ttegrm>s at Uio ordinary tewj>nrature, This shows tho M*te energy 
of ohromii* and, and ite temteuny to form stebte dtehmstates. Magiitumun chroma to is 
suluhte in water, aa ateu is the strontium wife. Tlmoahdum salt m atei nntuswhftt srilttble, 
hut thn barium salt is* almost Inwdubte. Tim Isomorphism with nolphnrlo mh\ te ah own 
in fete? chromates hy the foot that feh« nmynwrittui and ammonium salts fom doable wife# 
oonfeairunf six oquivaloutk of water, wbteh ore porfsrtly mmmplmm with tho eorr*- 
ponding sulphates. Tho magnesium salt erjtUUiiMMi in largo ctrystete wntemlng emit 
o<lttivalo»te of water. Thn bsrylhum, cerium t ami cobalt salts art? irnmhthte in water, 
Chromte s%« i*l rliRauIvus iminganmta rarhonate, hut on ovnj»orution Ihf’ «nU»h,*u th'pwte 
mai1KttHo««» df«'«udi», furumd at lln* «nj»nn»n < s f tho t»nvj.o>u *if tho « lu»>on»- to ol. ChrmuiO 
ac id ate i u*idiHo:j fuflxtia totah., mud fonir oaiulo is s.xluhh’ in « hroutu' a« ul 

<*h»w of tin* rhritinatett in»*at um>d hy tlm dyor tho iu&o)ul»te ypll»»w load rhr.oaate, 
Pht‘*t) 4 (Chapter XVI 11, , Note 4ft), whioh i«* pr^'ipitsted on inis mg auluttoiu of 
FhX^ with stdiihln ohromates. It oasily forma a aalt, tiavins Urn r»ir*j*»dtiwn 

PhO,l‘httet) 4 , aw a c-ryaUUitm jarwtter, ohteim?4 by fuair»K tVio normal sail with niire mud 
tlmn rapidly watdring in water. Tho m,im sute lawns is «h«aint4, allhtwigh bffpitPtt »ml 
In small quantity, by trwatteg Wad dmwnate with rmutml pdasnium 
on boiling thn mlKturs ; and thte %i%mi ths possibility i»f altelnlng* by mmmn *k them 
nmteriaW, varitma Uula of load chromate, fresm ytltew te m\> p-fedng through ddfor^nl 
enuitfa ahftdos, Tho tlwomposltem which i»km pWai (teoompfotoly) in Uha fw h 
m follows; 'Jl'lfCrUi t K 3 <*K> 4 ^ PhC'fO^FhO 4 |K»U«siuin dichromste 
Is tormml in solutteti. 
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u> frarhouic anhydride lining t!i;x*n gaged In the latter c aijo) It 

tl»*> a* r m»sl &%\% % KJ*r0 4 , known na yrltot** ehrtmwi** ttf jMiaatiumk 

Ir,» »j4* *.%, ^4ni|f i* 'J 7, Whig almoat the »im? an that »»f the dichro* 
8,..%v- li aUuf).« h«at ttt <li& 0 ’<W-ing ; «*n«> j«art of th« ssali dissolve** in 
1 ; * | -.nr i •*.( »«Ur a! Ow* *.nlumry t«'u*}MirAtur<% forming & yellow 
**••»- V- o ^ w» outr4 west mil* fturh frr!4a Acidi itD injutic, and in ore 
»*th ih« *»nhnary iM'isIa, it givea the dudiromatt*, and Graham 
*4 - A a , n «•■-:. I * 1 1 * >. W * «tnftl«» li 4 h s t » . 0 *» K*Cr< ) 4l 2CrOj, hy miming a 
**• t;,t, o > ! tU*> 5fcaU « an rio'aj of nitric? acid, 

1 ' '•*•• os •■' un,*4 l.j jir* 4 ‘*ritig a saturated solution of 

| • 1 ■ • '■■’»*’ ** *W - i -h:. M y tionj^iraCltn--, atiil JxiUt'illg it ill % 

*’ •' ! •■- * ■ i $ o •• a\rj hori* 1 iu i‘L 9 t *u mixing, 

U. • ’ • - ■ t • ■■*’ »• na*. -i« *’/. i uy« , ^h<n es V * w W » th«* until! i«Ut 

»*<•*•• s ! -3 - 1 * j.-.i - anh) -ln>k in *haj «*»1 *■ i y stain » f n »*-d o-huf 

* "vttw--* cfnhwi5ir«i The crjfiUli *r» freed from the 


•l %hu $*4rA ^11 ft!t«atjoa U* this fart that a hydrate of ehramfo 

*su.-U *s nc i cf ,.UAiUf4 m 1W » W * >u> j^-ai! i«t* of cbnrtiiic i*»4iij*(iUfiib, 

« *; ' • I - . * • <• *. . I * ’ • -**1 >- -8 * ; i-v-i j \ * »>'U* - I V**' »tt»i 

u . „ . ■ s,. ■ ' . ‘-4 i .i ' » ' . I ! * c * .8. n t * t ).I‘ r. . **o l HO |tr«l«4 

J. ; . *,.* 4 > • . i‘-i V *.. ■•• ■.» * •• t lf)i, >t *, 9 0*1 •*••• «** • • 4 |v | •* 3 s •» i»-«« -3 >J< *» v4 •-"•* *'t liliWilMl 

» » ..«» u\. •>••»» A # ». - .4 « ««.;i it »t4*i 

»* IU OfW «l Um> 6«! 

nt #»*;%♦ *«!••» r.4tl4« *-^w#**n 

f |.'J f -. ♦sji-A #U :\ t«6 «)m*umWi 

v ,,i 1 «,,„.> v* s, ,V»? *t«-4 |.S.» M<*|* tOU» fw»ie| tM*| Ml « 

. » ,*♦ 4 •• ^ r * M *l' 4 » ^ ^ X » 4t!^ » * »“#!> r».*«oin 

^ , fc ... • % **.4- •!• >•. «•• ; *«. *♦«♦**, Uw its.v»fi--W 

^ j. ....... ,* , ,.*. 4 * } '-i-' ■*■.■*' 1 } # ll a i ..M4*. * s »*t <•'•«*>• «t t#»| 

,,. , , . ... a 9 * „ v i«-m. ♦!!>*••» <«. | in * 4»j |'kiin»«i %**t<*4 l»b» * f«4, 

#0 . . , . . , . . s. t # a . .-.s* 4 j-. * *?» a»* *JH* taj- >urt »-l iMl 

( ^ ,. • ^ ' 4*-V \ • ^ ^ W, ^ t **<1 i»</> |k i tj »*: >.4 tur i*l (Mt4 

, , • , > # ~ « » , * / *t i i’ > ^ j i.u.« **U» I-'- !«•«»>• 1^* h-pHsi* 

g:*,,# .. a ..^ » „ fc ...... i...i »..■•• ?, ..*,♦! ♦? .» *.• ' ) ' *a a -4 t -N4 nl<wj *# Em 

»£«a -.ssJ i»»Vt-»t*wW' *• ♦* V 'H 8 **••'** ®?* ^ •^• h » 4«- ife fealfi® 

tHMMM* 4 4 **4 * tef 

«« k*mti**i* %w$mm m* ^ «^4. 

$4 ^ mirn»m p#4t^lw 

t «%«if i i » 4 « <l >i i' i t W*#w4 **■« *4*14*11 

8. 4* 14* ife* 4it*4t«« 

%.„»> 3* *f 4 )»«»*», Ul 4l * ««tU4t» *4 ftftW l« 

*, ...... i i .-,...» 9 , ».»„ , s . tftt* *®*4 il 4W •*»■ '-•’**»! «4 »*t*l W 
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• • *-♦«•« ■ - ;■■ ** «• ■ j.« s..*4mS *ftk4= «• 4**«»»3 »b4 E'*« 

i. ... 4#-.'*«a y*» #!mm» It *s..*l*i*t t»>» *.j5»l*4*tV* «f 

I ■ :! H- -i'Sl'i* **»■! tllifttlllllft 

«r» S’****. 3 ■** »*’-•* . , 
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but always fch6 anhydride^ Cr0 3 . The corresponding hydrate, Cr0 4 H*, 
or any other hydrate, is not oven known. Nevertheless, it must bo 
admitted that chromic acid is bihasic, because it forms salts isomorphous 
or perfectly analogous with the salts formed by sulphuric acid, which is 
the best example of a bihasic acid, A clear proof of tho bihasicity of 
Cr0 3 is seen in tho fact that the anhydride and salts givo (whon heated 
with sodium chloride and sulphuric acid) a volatile chloranhydrido, 
CrO a Cl a , containing two atoms of chlorine aa a bihasic acid should. 6 

a Itarftulius observed, and Rose carefully investigated, this remarkablo reaction, 
which oooum boiwuen chromic acid and sodium chloride in tho prtmmao of sulphuric 
acid. If 10 part® of common caU bo mixed with IS parti of potassium diohraraate, fused, 
ooolod, and broken up into lumps, and placed in a retort with 20 part# of fuming sal* 
phurio acid, it give® rls® to a violent reaction, accompanied by tho formation of brown 
fumes of chromic chlomnhydHde t or chnmyl chloride, Cr0 9 CI 3 , according to tho w* 
action i 0r0 3 + 9NaCl + H a 80 4 ^NaaSO*** 1 H a O + CrO a Cl 3 , Tho addition of an oxeesa of 
sulphuric add i# neoimsary In order to retain tho water, Tho came substnnfa I# always 
formed whon a motallio chloride in heated with chromic acid, or any of its milts, in tho 
pteattmio of imlphuric arid, Tho formation of thin volatile milmtunm in easily observed 
from Urn brown colour which its proper to it# vapour, (hi condensing tho vapour in a 
dry receiver a liquid i» obtained having a sp. gr. of I'D, boiling at 11H“, and giving a 
vapour wluiNti density, compared with hydrogen, (i 7H, which oorrosponds with the ulmvc 
formula, pliromyl tshlorkla ii dacaropemed by him! into chromic oxide, oxygen, and 
cblorimu aCrOyCb^Cr^Oj^ SOlg + O; so that it is able to mt> simultaneously m a 
powerful oxidising and chlorinating agent, which is taken advantage of In the inv®®Uga- 
tlon of many, and tmp«Mdally of organic, iubatanea#. When rim tad with water, thin 
substance flrut folk to the bottom, and is then decomposed Into hydrochloric and chromic 
Mills, like all chloranhydiiiles ; CrO.jC’b t IJ. A Q®»CrOj -#■ 9II01. When brought into con- 
tact with htiiauumihlu substance# it sets fire to them; it acta thus, for inwtnnce, on 
phosphorus, sulphur, oil of turpentines, ammonia, hydrogen, and other substancea. It 
attract® moisture from tho atmosphere with gre&t energy, and must therefore Int kept in 
eluted vesaelti. It diaaolvua iodine and chlorine, and even forme a solid compound with 
the latter, which depend® upon the faculty of chromium to form ite higher oxide, 
CrjOf. The alose analogy in the physical properties of tho ch ter anhydrides, Crid 3 CJ a and 
SO a Cl§, is very remarkable, although sulphurous anhydride U a ga#, and tho corresponding 
oxide, CrOf> is a non-volatile solid. It may bo imagined, therefore, that ohmmfam di- 
cmido (which will be mentioned In th# following note) present® a polymertemi modification 
of the substance having, the ooajpoeittai CtO$ j In foot, Utfv h obvious ftrmtt the »m#wk 1 
of Its formation. 

II throe parti of potassium Alcdirmnate h# mixed with four parte of atrerjg hydrochloric 
odd ami a small quantity of water, and gently wanned, it all pusses into solution, 
and ru» chlorine is evolved; on cooling, the liquid diquouta r»d primnatic cryntela, known 
a# Paliyot'a so If, very stable in air. Thfc lm« the composition K('l,(*r0 3l and in formed 
according to the equation K 3 t*r a Uj U!U*1 ~*2KCl»CriVk Il 3 0. It is evident that lliia 
is the first chlomnhydride of chromic acid, HCriV'b in which the hydrogen i# r«v 
placed by potassium, It te deentajHisecl by water, and on evaporation the (solution field# 
pntewium dmhroumt# and hydrooUterte acid. This is a frewh instance of the r#wr§ibk 
rsMthms so ftssquMtly encountered. ’"With sulphuric amd PoUgot*« salt f#rm» dhremyl 
ohMde« Thu latter dmimutiuteu, and ilte fact that Gunther produced PeUgoi** salt 
from potassium chromate and ehwmyl chloride, giv# mmm hr thinking that it I# a 

eompound of Uinta two tKOt,OrO|^ KfOrO.| + OrOfClf* It Is &)m wwwtluw* 

wgmlml m potassium diehromate in which mm at um of e«ff®n f« replaced by chlormo— 
that U, K^Clr-jOflC'b, norrespondiag with KfO%t>r. Whon Iwrnted St part# with all it# 
ridorino* a nd on further hooting givo® chrondo oxkh^ 
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Chromic anhydride is a red crystalline substance, which is converted 
into a black mass by heat ; it fuses at 190°, and disengages oxygon 
above 250°, leaving a residue of chromium dioxide, Cr0 2 , fi and, on still 
further heating, chromic oxide, CJr 3 0 3 . Chromic anhydride is exceed- 
ingly soluble in water, and even attracts moisture from the air, but, as 
was mentioned above, it does not forin hny definite compound with 
water. The specific gravity of its crystals is 2‘7, and when fused it has 
a specific gravity 2*6, The solution presents perfectly defined acid 
properties, It liberates carbonic? anhydride from carbonates } gives 
insoluble precipitates of the chromates with salts of barium, lend, ©Uyoiff 
and mercury. 

The action of hydrogen peroxide? on a solution of chromic add or of 
potassium dichromato gives a blue solution, which very quickly become! 
colourless with the disengagement of oxygon. Barm* will showed that 
this is due to the formation of a purohromic anhydride Cr a 0 7 , cone* 
sporting with sulphur peroxide. This peroxide is remarkable from thg 
laofc that it very easily dissolves in ether and is much more stable ia 
this solution, so that, by shaking up hydrogen peroxide mixed with a 
small quantity of cliroraio acid, with other, it is possible to transfer all 
the blue substance formed to the othor. 0 w# 

With oxygen adds, .chromic acid evolves oxygen j for example, with 


* fhis intermediate degree of oxidation, OrOg, may tdm be ©bWatd b# mixing eolu. 
felons of chromic salts with solutions of chromates, The brown precipitate kmtd 
donfcains ft compound, Cr^CrO*, consisting of equivalent amount® at ehromta ojeide 
and anhydride. The' brown precipitate of chromium dioxide contains water. Thu name 
substance Is formed by the imperfect deoxidation of chromic anhydride by various redo* 
cing agents, Chromic oxide, when boated, absorbs oxygen, and appears to give the wuoe 
substance, Chromic nitrate, when ignited, also gives this substance, When this tub* 
etanoQ is hoatod it first disengages water and theq oxygon, chromic oxide being teffe. ft 
corresponds with manganese’ dioxide, Cr a a 3 ,CrOawdC’rU a , Krtignr treated chmmittpt 
dioxide with ft mixture of sodium chloride and sulphuric* acid, and found Umt «ddorln# 
gas was evolved, bub that ohromyl chlorldu was not formed. Under ih« action «»f Ugh|j 
& solution pf chromic acid also deposits Urn brown dioxide. At fell® ordinary tetttt»«r*tttrQ 
chromic anhydride leaves abrown Main upon the akin wd tern#, which pmhMy ptd# 
teeds from a decompoattlon of tiao tame kind* Chromln is m\M® Is Ml 

containing water, and this solution k dtcompwed Hn a limiter mmmm bf tights, 
Chromlum dioxido forms K^OrO* when treated with in feh® yrtmmm at EHO. 

thh Now that persulphurio acid E 9 B,O a la well known it might b# ®»ppo#*4 fetal; 
perohromfo anhydride, Cr^O*, would correspond to perehromte acid, U%Cv%O m but m $m 
it is not cortain whether com® ponding salts are formed. Pickard (xml) on adding m 
excess of H a O« and baryta water to a dilute solution of CrO^ (8 grm, pur lifer®), otavneft 
the formation of a. yellow precipitate, but oxygen wan disengaged at the earn® Mom maA 
the preoipitate (which oasily exploded when dried) ww found to mm tain, taaktes m 
admixture of BaO„ a compound BaCrO fi( and this » I*a0 9 + Cr0 3 , and dam mil ' 

to perchromio acid.’ The fact of ita decomposing with an explosion, and tta ww 4# #f 
preparation, proves, however, that this la a similar derivative ot mmm^d hritatg % 
per sulphuric* arid (Chapter XX.) 
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'Sulphuric field the following reaction takes place 2Cr0 3 + 3H 2 S0 4 
s5Cr 2 (S0 4 ) 3 4* 0 3 + 3H 2 0. It will be readily understood from this that 
# mixture of chromic acid or qf its salts with sulphuric acid forms an 
excellent oxidising agents which is frequently employed in chemical 
laboratories and even for technical purposes as a means of oxidation. 
Thus hydrogen sulphide and sulphurous anhydride are- converted into 
sulphuric acid by this means. Chromic acid is able to act as a powerful 
oxidising agent because it passes into chromic oxide, and in so doing 
disengages half of the oxygen contained in it: 2Cr0 a =Cr 2 0 3 + 0 a . 
Thus chromic anhydride itself is a powerful oxidising agent, and is 
therefore employed instead of nitric acid in galvanic baitteries (as a 
depolariser), the hydrogen evolved at the carbon being then oxidised, 
and the chromic acid converted into a non-volatile product of deoxida- 
tion, instead of yielding, as nitric acid does, volatile lower oxides of' 
offensive odour. Organic substances are more or less perfectly oxidised 
by means of chromic anhydride, although this generally requires the aid 
of heat, and does not proceed in the presence of alkalis, but generally 
in the presence qf acids. In acting on a solution of potassium iodide, 
chromic acid, like many oxidising agents, liberates iodine ; the reaction 
proceeds in proportion to the amount of Cr0 3 present, and may serve 
for determining the amount of Cr0 3 , since the amount of iodine liberated 
can be accurately determined by the iodometric method (Chapter XX., 
Note 42). If chromio anhydride be ignited in a stream of ammonia, it 
gives chromic oxide, water, and nitrogen. In all cases when chromio 
acid acts as an oxidising agent in the presence of acids au,d under the 
action of heat, the product of its deoxidation is a chromic salt, CrX a , 
which is characterised by the green colour of its solution, so that the 
red or yellow solution of a salt of chromic acid is then transformed into 
a green solution of a chromic salt, derived from chromio oxide, Cr 2 0 3 , 
which is closely analogous to Al a 0 8 , Fe a O a , and other bases of the com* 
position B 2 O a . This analogy is seen in the insolubility of the anhydrous 
oxide, in the gelatinous form of the colloidal hydrate, in the formation 
of alums, 7 of a 'volatile chloride of chromium, &c. 7 bl9 

f As a mixture of potassium diebromate and sulphuric acid is usually employed 
for oxidation, the resultant solution generally contains a double eulphato of' potas- 
sium and chromium*— that is, chrome alum , isomorphous with ordinary alum— 
K 2 Cr 3 a 7 + 4H 3 SO4+20H a O *= &5+K 3 Cr 2 (304) 4l 24H 2 0 or 2(KGr'(SO^12H 0 O). It is pre- 
pared by dissolving potassium dichromate in dilute sulphuric acid ; alcohol is then added 
and the solution slightly heated, or sulphurous anhydride is passed through It. On the 
addition of aloohol to a cold mixture of potassium diohroraate ahd sulphuric acid, the 
gradual disengagement of pleasant- smelling volatile products of the oxidation of alcohol, 
and especially oi aldehyde, C^E^O, is remarked. If the temperature ol decomposition 


Wot Note 7 bis see p. 295. 
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Chromic oxide, Cr 2 O a , rarely found, and iri small quantities, In chrome 
ochre, is formed by the oxidation of chromium and its lowor oxides, by 

does not exceed 85°, a violet solution of chromo alum is obtained, but if tho tempera- 
ture ba higher, a solution of tho samo alum is obtained of a green colour. A® chrome 
alum requires for solution 7 parts of wator at tho ordinary temperature, It follows that if 
a somewhat strong solution of potassium diohromato be taken (4 parts of water and 
of sulphuric acid to 1 part of diohromato), it will givo so concentrated a solution 
of chroma alum that on oooling, tho salt will separate without further evaporation. If 
the liquid , prepared as above or in any instance of tho deoxidation of chromic acid, 
be heated (the oxidation naturally proooods' more rapidly) somewhat strongly, for in- 
stance, to tho boiling-point df wator, or It tho violet solution already formed be raittod to 
the same temporaturo, it acquiroa a bright green colour , and on evaporation tho 
same mixture, which at lower tomporaturos so easily gives cubical crystals of chroma 
alum, does not give any crystals whatever Xf the green solution he kept, however, fat 
several weeks at the ordinary temporaturo, It deposits violet ci’j/stah of chrome alum, 
Tho groon solution, when ovaporated, gives a non-crystalline mass, and the violet 
crystals loso water at 100° and turn peon, It must bo remarked that the transition of 
the green modification Into tho violet is aeoompaniod by a deoreaao in volume (Lucot] d« 
Bohbaudran, Favro). If the green mats formed at the higher temporaturo be evaporated 
to dryness and boated at 80° in a current q! air, it does not retain more then fi tqui* 
talents of water. Hence Ltfwel, and also Sohrfifcfcor, conducted that tho groan and violot 
modifications of the alum depend on different degrees of combination with water, which 
may bo likened to tho different compounds of sodium sulphate with water and to tho 
different hydrates of ferric oxido. 

However, tho question in this case is nob so simple, as wo tdiall afterwards see. 
JNTot chromo alum alone, but all the chromio salts , give two, if not throo, variatiru, At 
least, there is no doubt about tho existence of two — a green and a violet motlt/hutiton, 
Tho green chromio salts -aro obtalnod by heating solutions of the violet salts, the viotefc 
solutions are produced on keeping solutions of tho green salts for a long time. Tim con* 
version of tho violet salts into green by tho action of heat is itself an indication of tho 
possibility of explaining tho different modifications by their containing different propor- 
tions (or states) of water, and, moreover, by tho green salts having a teas amount of 
water than the violet. However, -there are other explanations. Chromic oxido is a fovo# 
liko alumina, and is therefore able to give both acid and basics salts. It is suppmvd tlrnt 
the’ difference between tho green and violet salts is duo to this bust. This opinion of 
Krllgor is based on tho foot that alcohol separates out a salt from the grew solution 
whioh contains less sulphuric aoid than tho normal vitjtet salt. On tins other hand, 
LSwol showed that all tho acid cannot bo separated from Ihegrmm clmwite salN by 
euitablo magenta, as easily as it can bo from tho samo solution of tho vi«»tet waits; thus 
barium salts do not preoipitato all tho sulphuric acid from Bolullmis of tho groon suite. 
According to other researches the cause of tho varieties of Urn chromio salt* bon in a 
difference in the bases they contain— that In, it is connected with a modification of tho 
properties of the oxide of chromium itself. Tills only raters to the hydroxide, hut m 
hydroxides themselves 'are only special terms of solte, the difteranuw ebmnA m ytt 
In this direction between the hydroxides only confirm the generality of tho di fltottMMi 
Observed in the ohromio compounds («ae Note 7 bis). 

The salts of chromio oxide, like those of alumina, am. candy decomposed, give hmi® 
and double salts, and have .an acid reaction, as chromio oxide is a fwbltt ba m. 
sium and sodium hydroxides give a precipitate of the hydroxide with chromic mIu, 
CrX 3 . Tho violet and green salts give a hydroxide soluble in an excess of the 
reagent; but tho hydroxide is hold in solution by very feeble atfinitte#, m that It U 
piUrtiolly separated by heat and dilution with water, and completely tm m botttag. 
In ettf alkaline solution, chromio hydroxide ia easily converted into ehromte mM 
by the rotten of lead dioxide, chlorine, and other oxidising agent*. If the ehramlo 
oxide oocuts' together with such oxides as magnesia, or ateo oxido, then m pradpftottei* 
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the reduction of chroma tea (for example, of ammonium or momma 
chromate) and by the decomposition (splitting up) of the saline com- 

it repomto® out from ita dotation in combination with thus® oxldca, forming, for oxampt®, 
2nO,Cr Viord obtained compound®. of Cr/) s with Uio oxides of Mg, Zn, Cd, dfo.) 
On precipitating the violet solution of chroma Mum with ammonia, a precipitate contain- 
tag CrfcO$,flH«0 in obtained, whilst the precipitate from the boiling solution with cauuite 
potash w a hydrate containing four equivalents of water. When fused with boras chromic 
g&lte give a green gins*. Tim wuncs coloration in communicated to ordinary glass by the 
proatmeo of traces of nhromio oxid®. A chrome glass containing a largo amount of 
ohmmie oxide may Ihi grouml up and need n» a green pigment. Among the hydra tea 
of oxide of chromium Omr/nft'e tfrmrn forme one of tha widely- a f»d groan pigment® whioh 
have been aubutituUwl for the poiwmotm arsenical copper plgmpute, inch m Bchweinfurl 
green, which formerly vrw much utwd. Gulgnet's green hoa an extremely bright grata 
colour, and Is distinguished for its great stability, not only under the action of light but 
alfto towards reagent® ; thus it f« not altered by alkaline solutions, and even nitric acid 
dmn not act on it. This pigment remains nrtchangod up to a temperature of SCO 3 ; ft 
contains Or/b^HO^, and generally a small amount of alkali. It la prepared by fusing ft 
parts of boric acid with 1 part of* potassium dieliroumto ; oxygen to dmtmgaged, and a 
green ghuiH, continuing u mixfuro of the hnmtcR of chromium and potiu.uimn, is obtained. 
When n 111 tlii i Ifhih'i in ground Up end treated with water, which cstrnr'.a th«> borlo 
acid and alkali and U uvr.» tie* ah.»v«* named chromic hydroxide behind. Thin hydroxide 
only parts with lie water at a rr«l heat, leaving the anhydrous oxide. 

The chromic hydroxides low* their water by ignition, and in so doing become tpon* 
tenuously Ineaudnaecmt, like tint* ordinary ferric hydroxide (Chapter XX IT), It h stofe 
known, howavor, whether all Urn modifications of chromic cnidii dww this pWroraemm. 
Tim anhydrous chramie with, Ct^O^ ii uxeowdingly difficultly solubta In acids, If U 
hitu through the above reeahuarenoe. But if it hm patted with fit water, or fch@ 

greater part of it, and not yet undergone this self, induced incandescence (has not lost a 
portion of its energy), then it is notable in su ate U to u**l reduced by hydrogen. U It 
tfttily ebteimal In various rry«talhiu* form® by many methods The chromates id met* 
cury ami ammonium give a very convenient method for ita preparation, because w h-yn 
Ignited they leave chromic oxide Iwhtiul. In the first iinlrUico oxygen and mercury ore 
diwmgaged, and in Urn neroinl van** nitrogen and water . 'MlgjCrU* •» OfO* + t 4Ug ov 
(NHdjCr/L » 0,0* ♦ $U 4 () ♦ Nj. Thu om*ml roaoliou m very energetic, aud the maw 
of a*H bums spctuUsuKiusly if th« temj»pralur« tm nubtenuUy high. A mist ore dt puUa* 
time sulphate and chromic oxide is formed by beating putasaluro diah&utaW with m 
#qmd wjghi of sulphur : + K f 80 4 1 Cr,0«. Thu sulphate m wittily «trwt#4 

by water, and ibarw remoter a bright graett ratkltm of the o**d#, w\\m» ii mm® 

yiiuii the lower the Wmpmteuw of thn d4i«r|«wtem. The mlth Um» obtained U 
uj*4-m a grain pigment for Mm Mid eMm»l. Tto jyihydrpm# ahromte oxhki oUMmA 
firotn ohrovnyl ©hloriik, Cri ' 9 CL, ban a ajH^iflc gravity of RSI, and b<nni almost U«ek 
cryetahi, which give n green j^»wder. They are hard eiemgb to arrateh gU»», and have * 
metallic luslr.v The i-tyabdlum f««ri»» of rhr.uim' oxide is Ub ntk-M with lUftluf Urn oXkU 
of iron and alumurn, with which H i» ia>>morpte<u«. 

? The moat important of th«c«iwtaiumUr*»rrmn>omling with chromic oxn!« t® rhnmi® 

§.kUmdv t Cr*t‘te, which i® kw*wn in w* unhydroun and in a hy»lraU4 form. Ii r<f«MnUoa 
f&rfic and Mutitittle chloride® ttr many resjwt#. Thera l» a great difforonee boiweoa 
tbn wthydnm* and th« bydrateNl ©hhwbte® J tb» Uwmt in imwlobte in water, tkm tetter 
mm\f md mi orapuraitea ite wdutnm Umm a hygr*«ipte n*«i wbkh i« vsry 

itnalabte Mid #M&y mn&mn hy«tetM?hterte Mtel when SwtateMl with water. TImi 
M in f» of a vkdet wtemt, amt Wdhtef giv«« teltewteg ni#dw4 ter tto j^pamttew : m% 
tetsnmte mixture k pr#p»r«l of this anfefdr^tt fduwnte Mdste with oarbem mu\ organio 
matter, and dmnrwd inte a witte mimtMm gtewi or pfcwMMn teb# which i« hewtw! in a 
oombtMtiun furmma ; am oxtrcmiHy rd Hut tote# ««Bal«k# with an apiwatua gwurmb 
hjg cktecteu which la pmm4 Curcrngh wwrd UMlm tunteimng sulphuric o«44 m 
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pounds of the oxide itself, OrXa ofr like alumina-, which it 

resembles in forming a feeble base easily giving double and basic salts, 
which are either green or violet 

to dry it perfectly before it reaches the tube. On heating tho portion of tho tube in 
which tho mixture is placed and passing chlorine through, a slightly volatile sublimate of 
chromic chloride, CrCl 3 or Cr a Cl fl , formed. This substance forms violet tabular 
crystals , which may be distilled in dry chlorine without change, but which, however, re* 
quire a red heat for their volatilisation. ‘These crystals arc greasy to tho touch and in* 
soluble in water, but if they bo powdered and boiled in water for a long tirno they pan# 
into a green solution. Strong sulphurio acid doos not act on tho anhydrous salt, or 
Only aots with excooding slownoss, lilcowator. Evon aqua regia and other acids do not 
pet on tho crystals, and alkalis only show a very fooblo action. Tho Hpuaifle gravity of 
the crystals is 2*99. When fused with sodium carbonate and nitre they give sodium 
cblovido and potassium chromato, and whon ignited in air limy form gnu-u chromic oxide 
and evolve ohlorino. On Jgnitlon in a stream of ammonia, chromic chloride form# 
eabammoniaoand chromium nitri do, CrN (analogous to tho nitridoullN, AIN). Mo*d**rgn»d 
Peligot Bhowed that whon cliromio chloride is ignited in hydrogen, it part# with one third 
of its chlorine, forming chromous chloride, CrCl a — -that is, them is formed from a com- 
pound corresponding with ohromio oxide, Cr 3 0 3 , a compound answering to tho aufawfcftf, 
chromous oxide, CrO— just as hydrogen converts ferric chloride into femm# chloride with 
the aid of heat, Chromous chloride^ CrCl 9 , forms colourless crystals easily soluble in 
water, which in dissolving evolve a oousidorablo amount of heat, and form a blue liquid! 
capablo of absorbing oxygon from tho air with groat facility, being converted thereby 
into a cliromio compound. 

The bluo solution of chromous chloride may also bo obtained by the wttnn id nn-taJlio 
eino on tho groon solution of tho hydrated chromic chloride ; tho Kino in thin cawt take# 
up chlorine just as tho hydrogen did, lb must bo employed iri a largo execs#. Chromic 
oxide is also formed in tho action of rino on ohromio chloride, and if the solution remain 
for a long time in contact with the zinc the whale of the chromium, k converted into 
chromic oxyohlorido. Other cliromio salts are also reduced by zinc into ehrmmm mils, 
CrX 8 , juab as tho ferric salts FeX 3 aro converted into femme salt# FeX 9 by it, Tho 
ohromous salts aro exceedingly unBtabla and easily oxidise and pium into chromic waltoj 
benco tho reducing power of those salts is very great. From cupric salt# they taq»arato 
cuprous salts, from stannous salts they precipitate metallic tin, they reduce morourid 
salts into mercurous and farrio into ferrous salts. Moreover, they absorb oxygen from 
tho air directly. With potassium chromato they give ft brown precipitate of chromium 
dioxido or of chromic oxide, according to the relative amount# of the wulmUnoua taken : 
CrOs -f CrO 2Cr0 3 or Cr0 3 +8CrO^2Cr.jO 3 , Aqueous ammonia gives a bine pmnpi* 
tato, and in tho presence of ammoniacal salts a blue liquid iu obtained which turn# mi 
In tlio air from oxidation. This is accompanied by the formation of ri.nqmundw analtj* 
gous to those given by cobalt (Chapter XXIL) A lolutlan of ehromous chloride with a 
hot saturated solution of sodium acetate, 0 9 H s Na0 9 , gtve% m emding, transparent mi 
crystal# of chroimms acetate, OAQrOpHtO, This mi t iu al#o a powerful ntdaotag 
agent, but may be kept for a long time in a veseel full of earbontu anhydride, 

The insoluble anhydrous chromic chloride OrClg very easily to to mdttiim In 

the presence of a trace (0 004) of chromous chloride CrCl 3 . Thl*§ mfmvrkabb/ ph # . 
nomenon was observed by Feligot and explained by UJwtl in the following manner; 
oliromous dilorido, as a lower stage of oxidation, Is capable of abtorbing both usygeti 
and ohlorino, combining with various substance®. It k able to many 

•hloridos by talcing up chlorine from them) thus it precipitate# iwmmrmm riitonde tnm 
a solution of mercuric chloride, and in so doing pause# into chromic t hluride ; gCrCL 
+2HgQl a wOr!}Cl0*f2HgCh Let us suppose that the game phenomenon uk*« 
when the anhydrous ohromio chloride is mixed with a solution of ebromoui ehlorldfl 
The late will then take up a portion of the chlorine of the femur, and pm» into % 
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Tho reduction of chromic oxide— for instance, in a solution by srino 
and sulphuric acid— leadn to tho formation of chromous oxide, CrO, and 

•alitMn hydrate of chromic ohlnricfo (hydrralihmtla of «xi<h> of ohrozntam), arul tbft 
original anhydrous! chrumio ehkiridu will para Into chromatin chloride, Th# chruixuuM 
ohlorida ra* formed in thin manner will then net on a fresh (juiuitily of tho chnmiio 
chloride, and in Uim manner transfer it entirely into tmluLtnn im hydrate. Thin view iu 
confirmed by tho fact that other jjhU*rUU*», cnpidite of absorbing chloriuo like chromouu 
chloride, »Umo induce Um noiution of tho insoluble chromic chloride*— for example, forroQH 
chloride, h’ct’ij, and cuprous chloride. Tins prescrun of ainc alio aida Um dilution of 
chrnmkt tddnndo, owing to list emmudhiff a portiou of it Into ohn^ou* chloride* Th# 
(solution of chromic chloridn in water obtained by teas# methods la perfectly identical 
with that which in formed by dbnolvmg chromic hydroxide in hydrochloric acid. On 
#yaj*>r&kiug tho grmn m'luikm obtained in thiu manner, it give# a green mam, con* 
tabling water. On further heating It t§ar®§ % soluble ehrorn is oxydhlorid®, and when 
Ignited it flrut form® an tatolnble oxyoldorido and then chromic muh ; bat no «te y* 
dmua chromic chloride, Ci^CIa it formed by boating the <upju»u® eolulion of ehromio 
chloride, which form® an Important hw*L in support <*f tho view that Um green sulw* 
tion of chromic chloride i® unUiiu^; also but hydr«*.-hh»ndu of oxido <•( chromium. Aft 
UHl ' Urn comihiuitiou of tho green hydrate ia ( > rj|i > lr.«vHj < \ and »>n evap* ration at Um 
ordinary temperature over IlylHt, crystal® arc obtemed with XU equivalents of water* 
tho rml um®n obtained at t4u" rotilaiim t’rjU^it’rat'la^illath The greater |«»rii>it» ut 
it I® tmUihl© in water, like th« maw which is formed at Wit' 8 This Utter fmnhdmi 
Gi^O A ,*4Cr-|C‘l»,ef i a O & gf€r 8 OUl,4*8HtGHUtat hh it prints tW aomo ot»m}w*4tion m 
chromic ahirnrhU la which mm atem of mfgm two of ahbrfn#. And if Um 

hydrate of chromic chloride b# regarded m Cf a t%, iH Cl, th# imbfftMMxi which k Ob- 
tained i-hmdd bo regarded M €r a O ai *HCI combined with wa4 or, ll f O, Thu additkm 
of nlkwlm-for example, b*rytft«--lu a gelation of t-htemk eldorkte itmtuMliAtaly pri-duco# 
a precipitate, which, however, re 4iM*dven on shaking, owing te Um formation of one of 
the oxychloride® juat m#niit>iied, winch may im regarded a® Imuc sol u. Thu® w** may 
rafurcHomt the product of th*« change produced on elummm chU-rnU under th* influence 
of water and heat by tiro following formalin . first Cr 3 * U r, IU‘l or C’r^CUllfg » im formed, 
th m CU/MnChlltO or Cr«(H:i 4 ,ftH v n ( and I wiUy Cr/^l!C|,tm f U or Cf a t » } d # ,B?f f O. 

In all threw cmm ther** or» i <M|ttlvaticuU *»f rhmmrimn te at Uouti P «c|aivalnnUi *4 
water. may \m regarded an \mwg iuterm»4^te between uhnxnlo 

hydros Ido and ©bUridoj ©hnsunie chUrbl® in CrgCU, tha firvt nutyalUorida CrifCUflfCt** 
the? m®md CrtfOlfhCU. *md Um Hydrate Cr«fOHhi-*U»ai te, Um ohluHiM k by 

hydfwyh 

t% i« m?f Important to mmmk Vm mmmBUmem m fmpmi te thii, 0} Thai Um 
white #f the ebUrhni im %im fttesw ^tsmpcm»4i U tm% ^auipitated from Uiaff fcduUarui 
by sitepr nitmta; thu® ih# normal toll «*# Um ©ompw^itiim rrtCl#,9H 4 f> only gfv#« up 

two. Uurda <d it® cVilorinn, the ml* -re Unltgol »upp>«»«»# that Um imnnuJ ealt th# 

mtynhlorid# combined with hydro* hh ric aci«l : t'r/ b i 4lf 8 » i«** Cr a < V I,. *11**1, ntid that 
tee chlorine hold a® hydrorhl .no m id n*wte with Um aih'er, wluUi th-at h*dd m l|p» 
naycihh»nite d**e« m*t enter into rt*ac-tu»ti, just m w»» td^mrya m very fm bty 4»vrh^^4 
ianuUy for reaction in Um arteydrou® nhretmn cbhtvte; and [%) if the gfc«n © -juaona 
walmbm of CrClji ha left in ©tend for mnw time, it alternately turns vbdet ; in ihb tena 
th# whete al Urn rhkwitm k prvuipiUtlail by AgN*te wbitei twdmg ra-iumv««ta it Into Umi 
grami viyfftty, Lllwid crbteinnd Um viotal ante lion cd b|dro«>hterl«te of ckr^mln by 
thn ?Wat ehfoiafe iulphute with barittm Mufkk, fittn-te pr«elpf* 

tetey all Urn vhhmm feom teii fiekA jumdltottem * but if ib» rnAnUm 1 m WiW 
and hu wmvpited into U» pti »j4ih»tk», «Uv«r nitrite Un«t p»« : f|dtetei a pv^rtion 
of Uni rhhurma. 

Hccoum (iniKteingfl) oblaJaud a «r|*itelhA|dml# of vtekt uhnrmUntn ©ulphate, 
with W m 18 lt t O By teAteg a #1 Ihia crypteiteh^lf^ tm 
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its salts, CrXj, of a blue colour (see Notes 7 and 7 bl *). The further 

converted it into the green salt, which, whoh treated with alkalis, gave a precipitate 
of Cr 3 0 3 ,2H 3 0, soluble in 2H 3 80 4 (and not 8), and only forming the basic ©alt, 
Cr a (OH) 2 (S04) 2 . He therefore concludes that fclio green salts are basic salts. The 
cryoscopio determinations made by A. Sporansky (1809) and Marohotti (1802) give a 
greater ‘ depression * for the violet than the green salts, that is, indicate a greater 
molecular weight for the green salts. But os Efcard, by boating the violet sulphate to 
100°, converted it into a green salt of the samo composition, but with a ©mailer amount 
of H a O, it follows that the formation of a basic salt alone is insufficient to explain tho 
difference between the green and violet varieties, and this is also shown by the foot that 
Bad, precipitates the whole of the sulphuric aoid of tho violet ©alt, and only a portion 
of that of the green salt. A. Sporansky also allowed that tho molecular electro- 
conductivity of tho groon solutions is loss than that of tho violet, It is also known that 
the passage of tho former into tho tattor is accompanied by an increase of volume, and, 
according to Rocoura, by an ovolution of heat also. 

Picoini's researches (1894) throw an important light upon tho pomdiuriticn of fho 
' green chromium trichloride (or ohromio chloride) 5 he showed (1) that AgK (in rnntm- 
distinction to tho other salts of silver) prooipitatos all tho chlorine from an aquuomi 
solution of the green variety ; (2) that solutions of green CrCla.flH^O in ethyl alcohol 
land aoetone precipitate all their chlorine when mixed with a similar solution of AgNQ a ; 
(8) that the riao of the boiling-point of the ethyl alcohol and aoetone green solutions of 
CrOls.CB^O (Chapter VII., Note 27 bis) shows that i in this ease (as in tho aqueous solu- 
tions of MgSOi and HgCl 3 ) is nearly equal to 1, that Is, that they oro like solution© of 
non-conductors ; (4) that a solution of groon CrClj in methyl alcohol at first precipitate* 
about i of its ohlorino (an aquooue solution about f) when t routed with AgNf),, but 
after a time the wholo of tho olilorino to prooipitatod ; ami (/#) that an a»pioou*i widutiun 
of tho green variety gradually passes into tho violet, while a mothyl alcoholic solution 
preserves its green colour, both of Itself and also after the who to of the cditorlmi tow 
been precipitated by AgN0 3 . If, .however, in an aqueous or methyl utotodio solution 
only a portion of the chlorine be precipitated, tire solution gradually turn© violet. 
'In my opinion the general meaning of all these observations requires further elucidation 
and explanation, whioh should be in harmony with the theory of solutions. Honours, 
moreover, obtained compounds of tho green ©alt, Cr^SO^s, with 1, 9, and 8 molwutoa of 
iH 3 S0 4 , KaSCto and even a compound Cra(804) 3 H a Cr0. t . By neutralising tho sulphuric 
acid of the compounds of Cr 3 (S04) 3 and H a 80 4 with caustic soda, Rocoura obtained an 
^evolution of 88 thousand calorie© per oaoh QNaHO, while free Ha80 4 only give© 80 8 
, -thousand calories, Rocoura is of opinion that special chramo sulphuric acub, for 
instanoo (CrS04)H 3 S04; ^€^{804)5113804, arc formed. With a still largor o*ress of 
ieulphurio aoid, Reooura obtained ©alt© containing a ©till greater number of sulphuric 
raoid radicles, but even this method docs not explain the difference between the grmm and 
I violet salt©, 

These foots must naturally be taken into corujictoration in order to arrive at 
any complete decision as to the oauae q! tho different modifications of the diromfo mdta 
We may observe that the green modification of ohromio chloride do«« not gfvn doabhi 
salts with the metallic chloride®, whltefc the violet variety forms compounds Gr^Ol^IROl 
(where R«an alkali metal), whioh are obtained by heating the chromates with m mmm 
of hydroohlorio aoid and evaporating the solution until It acquire© a violet colour. As 
tho result of all the existing researched on the green and violet chromic salts, it appears 
to me most probable that their difference is determined by the feeble baric diameter of 
chromic oxido, by its faculty of giving bosio suite, and by the colloidal projwrtitm of it* 
hydroxide (those three properties are mutually connected), and moreover, it atmma to me 
that the relation between the green and violet salts of chromic oxide best to febo 

relation of the purpureo to tho lutoo oobaltic salts (Chapter XXIR, Note fto), TWs 
subject cannot yet be considered a© exhausted (m Note 7). 

We may here observe that with tin the chromic suite, OrX^, give at low tempenktom 
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reduction B of oxido of chromium and ita corrospondihg compounds 
gives metallic chromium* Devillo obtained it, (probably containing 
carbon) by reducing chromic oxido with carbon, at a temperature near 
the molting point of platinum, about 1750% but the metal itself does 
not fuse at this temperature. Chromium 1ms a stool-grey colour and ia 
very hard (up. gr. 5*0), takes a good polish, and dissolves in hydro- 
chloric acid, but cold dilute sulphuric and nitric acids have no action, 
upon it. liunsen obtained metallic chromium by decomposing a solution 
of chromic chloride, Cr a Ol r ,, by a galvanic current, a n scales of a grey 
colour (up. gr, 7*3). Wohler obtained crystalline chromium by igniting 
a mixture of the anhydrous chromic chloride Or a Cl fi (me Note 7 bis) 
with finely-divided ulna, and indium and potassium chlorides, at the 
boiling-point of sine. When the resultant mass has cooled themne may 

CrX§ anti BnX^, whilst at high temperatures, cm thn contrary, CrX 3 reduces the nmtal 
from ita wadU finX 3 . Th«- reaction, tlmroforo, belongs to Urn claim of rnvursihta reac- 
tions (TUikotoft). 

Poulmio ohlninod anhydrous CrFj (up. gr. H'7 m) uiul CrFj (up. gr. 4 11) By Iho 
action of K&mmiiu UP up»m C’rt’ly, A nrdution of flu* of chromium ia umplnyod m a 
mordant in dyeing. Iteeoura (lHj.ni) obtained grwn and viukfc varfotUm of CrjltrjufiUaO* 
The grwn variety aan only im k»pt in th« prMwnM of m axon** of IlBr in tho solution , 
li aten® its solution easily pastes into tho violet variety with twin Unit of hmk* 

8 Th« MdttoUon of ntaUdllo chromium proaoftdf with compamtlvt pmm In (Mjetotni 
solutions, That tho notion of sodium amalgam# upon & siremg solution of Cr 8 Cli *iwft 
(first CrCL) an amalgam of chromium from which tho mercury may ho easily driven off 
by heating {in hydrogtm to avoid oxidation), and thorn remain# a *j»r»riry mass of tuiwily 
oxidisabk chromium, Planet (IHP1), by passing an «l«wtrln current through n Notation of 
ehromo ahmi mixed with a small amount of UjHt b and K 8 B0 4( obtained hard nratauo? 
chromium of a btai»h»whita colour possessing great hardnea and aUhihly (muter th» 
fiction of water, air, and acids). OUlatd (IstK)) reduced a mixture of uKtll t Cr/\ by 
healing it te redness# with nliavinga of magnesium. Tim maialtA chromium thus 
obtained hat Urn appearance of a Um Ught gray powder which U «w*n to tw* oryaUlliiui 
under th« mlw»9ropa ; its ap. gr. at 10 * k ft- W4, It fuwHi (with anhydrous borax) only at 
Ik® highest temperatures, and after fusion prtwnte a •Uvtr-white fraotum Th«itre»pit 
magnet has no action npm It. 

MoIcmm (IIP) obtain ad %wmlum by reducing Cm axiste 0^0$ with tmhm ta tho 
•loetrloal fumum (Chapter VJXt, Note if) In MO mteutef with a eranmatol 880 amphrea and 
8ft volte, Tim nrivtan of eadde and mrbon gives a bright Ingot weighing J0MIQ gram#, 
A a« front of Iftft amptaa and 8ft volts oomptetev tho experiment upon a atnalter quantity 
of material in IS minutes ; a current nf fit! ampkrt'a and GO volte gav« an i«g,»t of li) grant# 
In ftMft minuttsa. Tim rrsuUnnt rarbnU alloy i# m«»r« nr b sa rial* in chromium 
(from H? H7-UI 7 pc ), To obtain Um iimtal frea from carbon, Urn alloy is hrukaii inb» 
largo lumps, ndx^d with otida of ubrondum, put into a eruclbte and «aivor«id with & 
layer of oxido. This mixture is than haated in tho otectrio furnaoo and tho pum mated 
te obtain oil. Tbit mlnutfun can also ba rarrhal with chroma imn i»r# W®OCt%0$> 
whibb mmm b water®. In this cm® a lummgmmm alloy of iron m 4 utetttem 
Is ab'Wnml If tbit alley h# thrown in tempt inte medtea ftltr#, ft forma tetoteblo 
Sftquioxhte qt iron and » snlubk alkalitm ctosmate. This idtey of fma and 
chromium diyscdvwl te molten stetl (ahmmt sf#tl) rond^rs It hard and tengh, so that 
mrnh steal has many mteabte apptteatlmfis, Tha alloy, ^ntefrdag aWftt 8 pe. Cr and 
about 1 » pn, wrkn, le^von h ardor than tbs ordinary kinds of tsmp#r#d steal and has a 
fin® granular fmsturs. The usual mod® &t preparing the farwahromoi for adding to 
•teal te by fusing pmvdsml ahmrn® lrm» ora under fluxes te a grajdtite ©runlhte. 
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be dissolved in dilute nitric acid, and grey crystalline chromium (ftp 
6*81) is left behind. Frdmy also prepared crystalline chromium by 
action of the vapour of sodium on anhydrous chromic chloride ; 
stream of hydrogen, using the apparatus shown in the aecomptwr 
drawing, and placing the sodium and the chromic chloride in ifopti 
porcelain boats. The tube containing these boats is only heated w 
it is quite full of dry hydrogen. The crystals of metallic chrom 
obtained in the tube are grey cubes having a considerable hardness 
withstanding the action of powerful acids, and even of aqua rt: 
The chromium obtained by Wohler by the action of a galvanic cur 
is, on the contrary, acted on under these conditions. Thu umo 
this difference must bo looked for in the presence of impurities, mu 
the crystalline structure. But- iu any case, among the propertie 



Fio 92,— -Apparatus for the preparation of mot&Uio chromium by Isalltag oteromto 
and Btxllum lu a otream of hytirogtxiu 


metallic chromium, the following may be considered established : 3 
white in colour, with a specific gravity of about 6*7, is extremely I 
in a crystalline form, is not oxidised by air at the ordinary temporal 
and with carbon it forms alloys like cast iron and steoL 

The two analogues of chromium, molybdmmm and tunyMm {m ’ 
fram), or© of still rarer occurrence in nature, and fora add oxides, 1 
which are still less energetic than Cr 0 3 . Tungfton occur* in the m 
what rare minerals, Bch&dite, CaW0 4 , and wolfrem 5 the latter beinf 
isomorphous mixture of the normal tungstate* of iron and nmngaii 
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In Saxony, “Sweden, and Finland. Tungsten ores are sometimes met 
with in considerable masses in the primary rocks of Bohemia and 
Saxony, and also in England, America, and the Urals. The pre* 
liminary treatment of the ore is very simple ; for example, the sulphide, 
MoS*, is roasted, and thus converted into sulphurous anhydride and 
molybdie anhydride, Mo0 3 , which is then dissolved in alkalis, generally 
In ammonia. Tim ammonium molybdate is then treated with acids, 
when the sparingly soluble molybdie acid is precipitated. Wolfram is 
treated in a different manner. Most frequently the finely -ground ore is 
repeatedly boiled with hydrochloric and nitric acids, and the resultant 
solution® (of salts of manganese and iron) poured olf, until the dark 
brown mass of ore disappears, whilst the tungstic acid remains, mixed 
with silica, as an insoluble residue ; it is treated also with ammonia, 
and is thus converted into soluble ammonium tungstate, which passes 
Into solution and yields tungstic acid when treated with acids. This 
hydrate jg then ignited, anil leaves tungstic anhydride. The general 
character nf molybdie and tung stic anhydrides is analogous to that of 
Chromic anhydride ; they are anhydrides of a feebly acid character, 
which ufwiiy give polyaoid salts and colloid solutions." 1 

i.i 1 * Th«i etdmits oompositkm of Urn tung*Um and molybdenum compound a lutnken m 
being itiunlitsd with th*l of Urn <u»wp»mnUu of imlphur And chromium, bwiuem (l) hath 
U*i}a»* mt’t>du tw.i tixidnA in whUh tin* ummmtu <4 oxy,p*n p«’r giv«>» of iiioLaI 

eland in tho rnti » *i. U; {'J) Urn "wl*< iu *4 tlu* latter lund, nn»i, tdi» i-hmmift 

#tul auiphuiw tt»»hy4f**hm, it lota mi h< id * Iim a* t»*r , |. ! 0 *"‘*rtain <4 thom.4yl> 4 * 14^1 urn *»>- 
morphoua wiih th** fUtlplmtsoi ; til th*» Bjun Cir h«**t of tu»iK f d* : n u e o.ui, .’ V iu*<.|i*»mtly 
ttl» prod tint <4 lhn I! tom in wmght and brut i« rt If*, hk** tlml »*f thn oih«r «d>'mr>ttte 

— il in the mum with inolytnfontiM, ttti'ti * 0 ir/’JU - fl . 1 ; tu»g«d« , u form* with eh h urine 
»ot only compound* WlT*, \Vti a , and VJ(H*l 4 , hut »L« WO|tT„ m v»4«tih» ftithnUntst the 
of ehroinyl chloride, t*rt>«Cly« and mslphtiryl dhiurhH HO t Vl r MolybftnnuRt 
fives the eUtoriu* etHupouml*, MoCly, MeCl»{?h M 0 CI 4 (taw# at IV4'*, hm!* At SkW*j 
CMenting In Debrey it eunteine MoC!*h j&foOCln MoOjCb, and M« 0 ,fc>flj€l.» The 
eKlatmee at tangetea hexeoHlornle, WO* U an exeeUent proof ef the fuel ti»t th# tfft 
SXeftppeenia th* •tu4a§tt#» ef tnlelittr m m 0 O«| (it)th# vagan r tfoiwffy eeeunhteiy 
detamiteed for th# efetonae roeipeffttd* MeCI*, W01* WGl s » WQCI * (Rorona) foevne m 
doubt m to Urn mnleettlef emnpoeittim of the compotinde of tuegahm and inolybdAtmra, 
for ilw * d»a«?r vih! mnl tuthniUtod r tout It* entirely egret*. 

Tur»§f»t«n i» railed wluxdo m h««it*»ur of Mt 1 i«h4o, wh.» itiftmv«*r«^l »t in l?SI 

tuolybdouum u* r/vu, TuugutMi ns »!»** h»inwt» »« tv.dfram; thu fonm^r tiAin^ w«,4 llm 
nmm gifnii to it t»y h« nttreriwl it fr*>m tho mirwrml thru himwii m 

Ittegefon Mid new mll^l #eli«whtn, CeWO # , Thu «>f itiiw*ti# 8 |t|*»matmi4 entt 

olbert h*v# Uirewti canuhlerAhlu lighten the wh*4# htetory of the eoapeettd# 

of ttn4yb4«Aem wuf tutig^len. 

Xh# wtlto of fwtgtfttti ami tnelyWIie mkh »h« ignited l##v# lfc« «»hf» 


h ynrogeiL ^wmcu uuea nuv uuwwjf k uuu atjv, 

4 -4; whilst on further heating in open vessels or in a stream of air this anhydride 
sublimes in pearly scales— this enables it to be obtained in a tolerably pure state. Water 
dissolves it in small quantities— namely, 1 part requires COO parts of water Cor it® solution. 
The hydrates of molybdio anhydride are soluble also in acids (a hydrate, HjMoO* is 
obtained from the nitric acid solution of the ammonium salt), which forme one of their 
distinctions from the tungstic acids. But after ignition molybdio anhydride its imsulublo 
in acids, like tungstic anhydride ; alkalis dissolve this anhydride, easily forming molybdates. 
Potassium bitartrate dissolves the anhydride with the aid of heat. None of the acids 
yet considered by us form so many different salts with one and the same base (alkali) aft 
molybdio and tungstic acids. Tho composition of these salts, and their proportion also, 
vary considerably. The most important discovery in this respect was made by Margue- 
rite and Laurent, who showed that tho salts which contain a large proportion of tungstio 
acid aro'qasily soluble in water, and ascribed this property to the fact that tungstic acid 
may be obtained in several states. Tho common tungstates, obtained with an excess of 
alkali, have an alkaline reaction, and on tho addition of sulphuric or hydrochloric acid 
first deposit an acid salt and thon a hydrate of tungstic acid, which is insoluble both in 
water and acids; but if instead of sulphuric or hydrochloric acids, wo add acetic or phos- 
phoric acid, or if the tungstate be saturated with a fresh quantity of tungstic acid, which, 
may be done by boiling the solution of the alkali salt with the precipitated tangstfa eohl, 
a solution is obtained which, on the addition of sulphuric or a similar add, &mm not- 
give a precipitate of tungstic aoid at the ordinary or at higher temperatures, TtototaHott, 
then contains peculiar salts of tungstic aoid, and if there be an excess of acid It also* 
contains tungstio acid itself; Laurent, Richo, and others called it mclat un*j$tu' arid, arid 
it is still known by this name. Those salts which with adds immediately give the ir* 
soluble tungstio acid have the composition RjWO*, JLUIWO4, whilst those which give 
tho soluble me ta tungstic acid contain a far greater proportion of the add element#, 
Scheibler obtained the (soluble) motatungstio acid Itself by treating the soluble barium 
(meta) tetratungatate, BaO, 4 WO s , with sulphuric acid. Subsequent research showed tlwv 
existence of a similar phenomenon for molybdio add. There is no doubt that this k a 
case of colloidal modifications. 

Many chemist^ have worked on tho various salt® formed by molybdio and tungstic 
acids. The tungstates have been investigated by Marguerite, Laurent, Maritime* 
Cliche, Scheibler, Atathon, and others, Tho molybdate® were partially studied by the 
came chemists, but chiefly by Struve and Svunborg, Debiontaine, and ullutnt, It Rpjtcsrft 
that for a given amount of base the salts contain one to eight equivalents of mtdybdie m 
tungstic anhydride; i.e. if tho base have the composition UO, then tho highest pti»|«*rt®» 
of base will bo contained by tho salts of the composition ItOWOjor UOM«>f that in, by 

those salts which correspond with tho norjrtial acids H a VV ( ) 4 and J L, Med of tho t naturo 
as sulphuric acid; but there also exist salt® of the computation ltn,iiWo 5 , K(),HWO a 
RO,8 WOj. The water contained in the composition of many of tho acid wdU fa <dU n 
not taken into account In the above. The properties of tho salt® holding dittmmt j»r©* 
portions of acids vary considerably, but otic ialtmay be converted tel© wnf&m by the 
Edition of.acid or base with great facility, and tlic greater ttMpKopovtfon of tho 
of the add in a salt, the more stable, within a oortam limit, it ite solution and tht galfc, 

The most common ammonium molybdate ban tho composition (Nf 
(or, according to Marignao and ethers, NH4KM0O4), and is prepared by evaporating m 
hmmoniacal solution of molybdio add. It is vmd in tho laboratory for prwdpitetm* 
phosphoric acid, and is purified for this purpose by mixing its solution with a small 
quantity of magnesium nitrate, in order to precipitate any phosphoric odd present, fill©*, 
ing, and then adding nitric acid and evaporating to dryntm A pure mel yb- 

date free from phosphoric acid may then bo extracted from tho smi&m ' 

Phosphoric acid forms insoluble compctmds with tho ©xkhis. d uranium mH fo* 
tin, bismuth, having feeble haaic and ovou acid pcqporltot, Thin dbpett fe 


on the fact that th© atoms ci hydrogen in phosphor!© add aro of a very < 
character, a*i wo flaw above. Those atoms of hydrogen which are replaced with c 
by ammonium, sodium, &e., are probably easily replaced by feebly onerge 
groups— that is, the formation of particular complex substances may be expi 
take place at the expense of these atoms of tho hydrogen of phosphoric add 
eertam feeble metallic adds; and these substances will still bo adds, beer 
hydrogen of the phosphoric adds and metallic acids, which in easily replaced by 
is not removed by their mutual combination, but remains in tho resultant coi 
fiueli a conclusion is verified in tho phoaphomolybdia acids obtained (1HBH) by 
If a solution of ammonium molybdate bo acidified, and a small amouut of a soli 
may be acid) containing orthophosphorlo acid or its salts be added to it (io that t 
at least 40 parts of malybdia add present to 1 part of phosphoric add), then after 
of twenty» four hours the whole of tho phoiphorio acid ii separated as a yellow pro 
containing, however, not more than 0 to 4 p.o. of phosphoric anhydride, about 1 
ammonia, about 00 p.e. of molybdio anhydride, and about 4 p.e. of water. The fe 
of th if precipitate it so distinet and m complete that thin method it employed for 
oovery and separation of the nmalUmt quantitias of phosphoric acid. Phosphoric t 
found to he prcHmit in the majority of rocks by thin moumt. Tho precipitate is 
in ammonia and it** nalte, in alkalis* and phoephutou, hut i*» perfectly insoluble I; 
sulphuric, and hydrochloric acids in the presence of ammonium molybdate. The 
tltion of the precipitate appears to vary under the conditions of its* precipitation 
nature baosmo clear when the add corresponding with it was obtained. If the 
described yellow precipitate be* boiled in aqua regia, the ammonia is destroy 
an acid is obtained in solution, which, when evaporated in ths air, aryitalliwjs out I: 
oblique prisms of approximately the composition ly\,5h>MaOs,36Hy0 Such an ’ 
proportion of component parts Is explained by tho above-mentioned oonsidorsMor 
caw above that, umlybdic add easily gives salts Tt/InMoO^mllyO, which we may i 
to correspond to a hydrate MoO y ( ll< >)pi M o( IstnH jO. And nup|*oso that nuch a 
reacts on orthophoaphoruv add, forming water and compounds of the com] 
MoOf( II P U 4 ) « M » »0,; w 1 i a 0 or M o O.^ ( 1 i l * ( ) 4 ) n hf oO H >,0 ; this in actually the c 
tion of phouphomolybdin acid. Probably it contains a portion of the hydrogen rep] 
by metals of both the adds HjPO* anti of U^MnOj. The crystalline add *» 
probably H M o PO j ,0 M oC\ v 1 0 1 1 ,0. This acid in really tritwsio, because its i 
solution prodpltate* salts of potassium, ammonium, rubidium (but not lithh 
sodium) from add mdutkm$ , and gives a ydhw prsoipitst* of the com] 
E|MoPO ? ,0M(»O a ,0H } O, where B m NH 4 . Besides these, salts of another comj 
may b§ obtained, as would be oxpnoted from tho praoodlng. These salts *r* onlj 
In add solutions (which 2s naturally duo to their containing an axons# of add < 
whilst under tho notion of Alkali* they giro mhurt-m$ phosphomolybdata* of the 
•ttion lt i Mol > 0. 1 ,MoO i },8lI 1 0. The oormsponding salts of potassium, silver, arom 
aw easily eolublu in water and crystalline. 

linmphomolybdic acid in an example ef the complex inorganic adds find el 
bv Marigimc and afterwards gi-neralimul and tdudied in detail by Oibtei. W 
Afterwards meet with ueveral examples ef such acids, and wo will new turn alien 
the fact that they are usually formed by wifak polybiudn adds {boric, silicic, tm 
&©.), and in certain rmqmete resemble the cobaltio ami such similar complex ctmtij 
with which w# shall become acquainted in the following chapter. As an example 
h§t% lutntton osrtain complex compounds containing molybdte and tungstte Oddi, 
w|l Illustrate tbs possibility of m considarabl* eompZsxity In th* mmpmIUm o 
Tho notion of ammonium molybdate upon s dilute nutation of pttrptti*o*cobattio ss 
Chapter XXII,) acidulated with acetic acid glvrn a salt which after drying at 100 n 1 
composition C«* a OalONHy7MoO|®HiO. After ignition this sstt tesvas a rosiduo Imv 
oompositiou ttCol)7 Mt »C) n . A n analogous compound is also obtained hr tungnt ic a«- id , 
1th* oompositlon Co 4 O d loNH s lOWU 3 0H a O. In this oas* after Ignition there remain 
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this forms the means of obtaining metallic molybdenum 


of the composition Co05WO s (Carpbt, 1880). Professor KonmaJcofT, by im 
potassium and sodium molybdatos, containing a certain amonnt of sntwre 
bromine obtained salts having tho competition : 8KtOCo tf 0 5 12Mo0 5 UO 
and SKaOCajOjlOMo^lOHaO (dark green). Pochard (1H08) obtained ®alUu 
phosphotungstio acids by evaporating equivalent mixtures of solutions t 
and metatungstic acid (sea further on) : phoephotrimetetungstio add P 
phosphototrametatung'stic acid PaOjjlOW O^UHaO, phosphopontMur 
PaOfiSOWOsHjjO, and phosphohoxametatungstio acid P a O#4WG|Wl3 
and Franlcol doscribod still moro complex salt®, such as: 8Ag*/)4BaC 
6Ba0‘2ICrj0P g 0 3 22W 0 5 48H a 0. Analogous double salts with HttWO* w< 
with K8r, KHg, Ballg, and NII 4 Pb. Kchrmatm (1BU2) comudern I 
obtaining an unlimited number of such salts to bo a general character 
pounds. Mahom mid Friodhoim (1802) obtained compounds of iiimib 
roolybdio and arsenic acids. 

For tungntio acid there arc known : (1) Normal salts — for example, 
so-called acid salts have a composition like 8K U <>,7\V< >«,<’. I l u < > or 
the tritungstatos like NogO^W O^SilsO m All iltoi 

salts arc soluble in water, but are precipitated by barium chb wide, and \ 
tion give an insoluble hydrate of tungstia acid; whilst thouo salts whid 
below do not give a precipitate either with acids or with tho salts of the 
cause they form soluble salts even with barium and load. They tiro genu 
tungstates. They all contain Water and a larger proportion of acid el 
precod ing salts ; (4) tho fcofcmiwigfifcatoa, like Na.O,i\V< b.ldH,Ou»jd Jbe 
example ; (0) tho ocfcatungntutoH — for example, N«j< \M\V( >,,*„* if >. flu, 
states lose so much wider at 100° that they leave wdtu \vium> eniupoa 
with an acid, 8II a O,4 W Ojp-that is, H rt W 4 0, ft — whilwt in the meta tall# 
aro replaoed by metals, it is assumed, although without much ground 
contain a particular soluble metatungstic acid of the ooMponition U<*W 
s As an example we will give a short description <4 tho sodium m 
eolt, NajWO^is obtained by boating a strong solution of sodium cxurhmi 
<£oid to a temperature of 80° ; if tho solution bo filtered hot, it tirysta 
tabular crystals, having tho composition N%W0 4l 2n.g>, which remain - 
ah and are easily soluble in water. When this unit iy fused with a 
tungstic acid, it gives a ditungstate, which in soluble in water and a 
solution In crystals containing water. Tho same salt in obtained tij 
hydrochloric acid to the solution of the normal salt no long an a pn* 
appear, and the liquid still Ims an alkaline reaction. Tin a salt w«l-» 
have tho composition Na. f \VV ) 7 , 4 lf 4 (), hut it has tiiuee b«>,ui hnsud t>>, 
Nafl’W 7 0 a 4 ,lfiH 3 O—that is, it corresponds with the similar salt • .f m 1>1 

(If this tolfc bo heated to a rod heat iu a ntmun of hydrogen, it hnm 
oxygen, acquires a metallic lustre, and turns a golden ydilnw colour, 
treated with water, alkali, and acid, leaves gokbin yollow kallel* «nd 
very like gold. This very remarkable substance, dtaovvrml by Wdhh 
to Molaguti’e analysis, the composition that, is, it, tut It 

double tungstate of tungsten oxide, W0 3 , and of oodmm, N«*\V ti 4 ; 
decomposition of tho fused sodium salt Is bust effected by dimly divide 
stance has a np. gr. 0*0 ; it conducts electricity. like metals, and him Ow 
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J3«th metals are infunibln, and both under the action of heat form 

anhydrous, «ftitrtii§f1y »oktbl«> tetmtnngsiate, Nit^WO^flWOj, which, whim htutted at ISO® 
lit a closed tube with water, piumm into an easily soluble mefcaiungativto, It may tiwr** 
fore he mid that tha metettmg»iii.teu ua hydrfcted compound*. On boiling it solution df 
Hie uadis of ntwtium with ttw ytdlow hydrate of tungntta ncitl t\my giro 

tk solution of fneUtuugstwte, which is the hydrated tetratungstate. Ha crystals contain 
Na. i XV 4 O ISl loH 1l O. After the hydrate of tnngwtia acid (obtained front tit* ordinary twig* 
states 1»| precipitation with an acid) hue atom! a, long time in contact with & mdutien (hoi 
m r*»M) of Medium tungnUte, it gives a solution which it* not pructtutetad by hydrochloric 
acid ; tli in must be filtered and evaporated over sulphuric acid iu a desiccator (it in tie* 
compositd by boiling). It first forma a very dense solution (aluminium final* hi it) of 
ip. gr. 21*0, ami otdahndml crystal** of imiium N % W 4 0 Wl I a 0, »p, gr* 

#■«,% then separate. It ettloresees and lease water, and at 1CKT* only two eat of the 
ten equivalent® of water remain, hat the properties of the silt remain unaltered. If the 
unit be deprived of water by further heating, it hmmm% insoluhte. At tb# ordimwry 
temperature mm part of witter dieeolvee ten parti of the xuntetungstate. The other 
mefcaiungstutea are easily obtained from thin salt. Thun a strong and hot solution, 
mixed with a like solution of barium chloride, gives on cooling crystals of barium mete* 
tungstate, ItaWdbfl.fil bj( ). TUcno cry stub* are dissolved without change in water con* 
tuimug hydrochloric acid, and alno in hot water, but they are partially dtp-tun pmud by 
cold water, with tho forinutfon of a solution of motatungutui arid luui of tbo nuruusd 
barium unit UaWO*. 

In order to explain tbo difterenco in tho properties of the salts of tungstic add, m 
may add that ft mixture of a solution of tungstic acid with *, eolation of stlieio add dou* 
not coagulate when heated, although the mlicio said alone would do to? this is dm Id 
the formation u! a edicotungatie add, discovered by Marigmw, which presents a fresh 
example of iv cmplcx add. A solution of a tungstate dissolves gelatinous niliwa, just sue 
it docs gctetitiMtui tungstic uod, and when evaporated deposit* ft crystalline eidt of 
•ibcnlimgatie and. Thm solution *» not precipitated either by acids (a clear analogy to 
Him meiatuugMruUnd or by sulphuretted hydrogen, and comwipumlt* with a nones* of salts. 
These sal tn centum •■no equivalent. of silica and H lajuivab iitn of hydrogen or mutate, in 
the same form *<* in salts, to pi or 10 equivalents of tungstic anhydride; fur example* 
Hut crystalline pttasktum salt has tho nuuiposition iE f /bPiWt)|| 

And pftlt.fi are also known in which half of the metal i» replaced by 
hydrogen. The* complexity of the compwutiuti of such eomplsx acid a (for example, el 
41i« phoaphomnlyMic and) involuntarily foods to the idea of jKdyrmir* nation, which wa 
Wf»m obliged Ut recognise fur silica, lead tael other a^mpoundai. This polymtrUft- 
thin, it mmm* to ta«, may \m tisutemtumf tittM* a hydrate A (for muuttpto» tungitio no id) 
i« impalilo til mmhltthm with m hydrate IS (for example, silica m phosphoric add, with 
m wllhsmt thn disangsgnmnut of water), and by reason of this faculty it k eapatdu id 
|solyniciif«rtion»™.thftt is, A combines with A —coiiddims with itcwdf-^-ju&t iw aldehyde, 
C t ilp h or the cyanogen mmjmUfids are able te combine with hydrogen, oxygci*, Ac., 
and «ro liable t-* \ bill* nmAi-'ll. ( hi this view the tliolecub* of tut)g»tie SU'ld vi pr*davt4f 
much m>*»« c in|*U x ttmii wo tepresaiit tt » tins agree* wiUi the e.u^y volulihty .d «m h 
C»if}poM«4.4 a, lh» i bh ranbydridrs, iTUjCl*, Mob) i Cl|, th« analogura ,*f tbo voUtibi 
itil|iliWf|l chic ndo, Hu CT 4 , *n4 with the n*m* volatility, of diilteult vulatibiy, nf cbromui 
oral tnol|bdle Mtmydride*, ih»» analogues »»f Urn volaUle sulphuric anhydride, tlncti a 
vieWfthMi flttd* m ueftstn «»mflri»iatu*u in the researches made by Oraliain «» ilw colfonbif 



renders the latter ductile and hard).* Molybdenum forms ft grey pov 
which scarcely aggregates under a most powerful heat, and has a $p« 
gravity of 8*9 It is not acted on by the air at the ordinary lemj 
ture, but when ignited it is first converted into a brown, and then ii 
blue oxide, and lastly into molybdic anhydride. Acids do not act 
— that is, it does not liberate hydrogen from them, not even : 
hydrochloric acid— but strong sulphuric acid disengages sulpht 
anhydride, forming a brown mass, containing a lower oxide of im 
denum. Alkalis in solution do not act on molybdenum, but when i 

has a bitfcor, astringont tasto, and does not yield gelatinous tungstic arid (hyd 
either when boated or on the addition of acids or waits. It may ahio ho mupontl 
drynoss; it thou forms a vitreous mass of the hydxasol of tunyatir acid, ivhich ml 
etrongly to tho walls of the vessel in which it has been evaporated, and in p«-r 
soluble in water, lb does nob even loso its solubility after having been heated t<» 
and only become* insoluble when heated to a red heat, when it lose* about j 
water. The dry aold, dissolved In a small quantity of water, form* a gh»y maw 
lib© gum arable, which is one of the representatives of the hydmtok of col 
substances. Tho solution, containing 5 p.o of the anhydride, has a ep, gr. of 1047 ; 
20 p.o., of 1*217 ; with 50 p.o., of 1*80 ; and with 80 p.o,, of 8*24. Tho pmmtuu 
polymerisod trioxido in tho form of hydrate, Il.jOW^O,, or H t 04\V0 ;j , mint th 
recognised in tho solution : this is confirmed by Hnbanoof!’* cryosoopie determini 
(1880). A similar stable solution of moiybdio add is obtained by the dialyal* 
mixture of a strong solution of sodium molybdate with hydrochloric add (tb# prtci 
which is formed is re-dissolved). If Mod* be precipitated by ammonia and wombat 
water, a point is reached at which perfect solution takes place, and tho mdybdt 
forms a colloid solution which is precipitated by the addition of ammonia (Muthn 
The addition of alkali to the solutions of the hydroioli of tungstic and nwlybdk 
immediately results in the re-formation of the ordinary tungstates and molyb 
There appears to be no doubt but that the some transformation is accomplished j 
passage of the ordinary tungstates into tho motatungstates as takes place in the pi 
of tungstio acid itself from an Insoluble into a soluble state; but this may t« 
actually proved to be tho case, because Scheiblor obtained a solution of tnngstlr 
before Graham, by decomposing barium metatungstato (Ba()4W() 3 ,0HjO) with «uij 
acid. fty treating this salt with sulphuric acid in tho amount required ft*r the pi 
tation of tho baryta, Schciblcr obtained a solution of moUtungntio m id which, 
containing 43'70 p.o. of acid, had a sp. gr. of 1-4134, and with li7*(U p.o. a »p, gr, of l 
that is, specific gravities corresponding with those found by Graham, 

3?dehar& found that as much heat iu evolved by ntuteftliting motetungatte oeltl a 
sulphuric acid. 

Questions connected with the metamorphoses or modifications of tungate 
moiybdio acids, and the polymerisation and colloidal state of substances, m well 
formation of complex acids, belong to that class of problems the solution of 
will do much towards attaining a true comprehension of the mechanism of a *»«m 
chemical reactions. I think, moreover, that questions of this kind stand in intinmt 
noofciQn with tho theory of tho formation of solutions and alloys and other oocalted 
finite compounds. 

® Moissan (1898) studied the compounds of Mo and W formed with carbon i 
electrical furnace (they arc extremely hard) from a mixture of the anhydrides and oi 
Poleok and Grti tamer obtained definite compounds FoW 9 and P«W t O» for tun. 
Metaliio W and Mo displace Ag from its solutions but not Xte. There it m mm fur 1m4i 
. that the sp. gr. of pure molybdenum Is higher than 'that (S'6) genoraUy MCtilml 
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with it hydrogen is given off, which shows, as does its whole cl 
the acid properties of tho metal. The properties of tungsten ar 
identical ; it is infusible, has an iron-grey colour, is exceedingly 
that it oven scratches glass. Its specific gravity is 19*1 (aoco: 
Roscoe), so that, like uranium, platinum, &e., it is one of tho ! 
metals. 9 Just as sulphur and chromium have their corres 
persulphuric and porchromic acids, n u 8 2 O b and II a CrO B , ha\ 
properties of peroxides, and corresponding to peroxide of hydr 
also molybdenum and tungsten are known to give pcrmdybdk i 
tungstic acids, H a Mo 2 O a and iI a W a O B , which have the properties 
(peroxides, i.e. easily disengage iodine from Kl and chlorine fro 
Wily part with their oxygon, and are formed by tho action of $ 
pf hydrogen, into which they are readily reconverted (lienee tl 
jbo regarded as compounds of H 3 C> a with 2MoO^ and 2W0 3 ), «&c. 
formation (Boerwald 1884, Kmamerer 1891) is at onco Been 
coloration (not destroyed by boiling), which is obtained on ru 
solution of tho salts with peroxide of hydrogen, apd on treating 
stance, molybdio acid with a solution of peroxide of hydrogen ( 
1892). Tho acid then forms an orange-coloured solution, whi< 
evaporation in vacuo leaves Mo 8 U a O s 4H t O as a crystalline 
and loses 4H a O at 100°, beyond which it decomposes with tin 
tion of oxygen. 9 lrl 

Uranium , IJ =240, has tho highest atomic weight of 
analogues of chromium, and indeed of all tho elements yet knov 

We may conclude our duaeription of tungsten iuid uudybdenum by fit 
their sulphur compounds have an acid character, like carbon bisulphithuir it 
phidc. If sulphuretted hydrogen bo ixuhmxI through, a solution of a mulybd? 
not give a precipitate unless sulphuric add ho peasant, when a dark brown p m 
molybdenum trmuiphitU, Mt% is fanned. Whan lids sulphid© it ignited with 
of air lt%lvm the bisulphide M ; tiro Utter is not able to oomkino with potessiua 
liko tho iriaulphid© MoBf, which forms a salt, KgMoS*, oow«|»ndiuff with 
This is tdtebte in water, and separates out from its solution in rod crystals, whi 
metallic hi wire and reflect a green light. It is easily obtained by beating t 
bisulphide, MoH„, with potash, nulphur, and a small amount of charcoal, which 
drtuudnung the oxygen cnmpnunthi. Tungnti n given similar compounds, ll^W 
It •* Mil*, K, No. They are derum poned by ncuirt, with tho separation of tungni 
phide, WH A , and molybdenum trisulplude, MoB a . Hides! (IHUU) obtained \V\N3 t 
WO A in Nll s . This compound exhibited the general properties of metallic nil 
tMH When |»irmtid« of hydrogen acta upon a wdution of potawaum imdybi 
formed yuilow crystals belonging to the triclinia #y stem twjwate out iu ilto eat 
them# crystals aw heated in vacua they first Icnn» water and Hum doeomuoMi 
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Although it gives sparingly-solublo yellow compounds with aik 
•which fully correspond with the dichromatos— for example, Na a I 
feNa 2 0,2TT0a, 10 — yet it more frequently and easily reacts with acids,' 1 

solution of peroxide of hydrogen for several minutes. The solution rapidly turn* y. 
and no longer gives a precipitate of tungstio anhydride whan treated with mine 
When evaporated in vacuo the solution leaves a thick syrupy liquid mm winch ***: 
crystals separate out : these crystals are more soluble hi water than tho^fliut ongi 
taken. When heated they also lose water and oxygen. Their eompraitem mmu 
the formula M^OqQH/), where M » Na, NH 4 , Ac. Tho perirndybdates and 
tungstates have similar properties. When treated with oxygen acids they §*ru» p* t 
of hydrogen, and disengage chlorine and iodine from hydrochloric acid and \mtrn 

iodide. - , , ... % 

PiCcinI (1801) showed that peroxide of hydrogen not only combine* with the m 
compounds of Mo and W, hut also with their fluo-colupoumbi, among which ammo 
fluo-molybdatoMoO^Fa f 2NH 4 and others have long boon known. (A few new #,i! 
similar composition have been obtained by F. Mourou in lHWi.) 1 ho action of |«r 
of hydrogen upon these compounds gives salts containing a larger amount of oiygoi 
instance, a solution of MoQ^&mp with peroxide of hydrogen gives fc follow 
tlon which after cooling separates out yellow crystalline flakes of MoO^l* $*2K b II t* 
bling the salt originally taken in their external appearance. By employing a similar m< 
Piccini also obtained : Mo0 3 F a mbFH a O—yellow monodmic cryutaln ; MoU,a*\'lF4* 
— yellow flakes, and tho corresponding tungstic compounds. All theno wdtu re ac 
peroxide of hydrogen. 

In speaking of these compounds I for my part think it may 1 h> wrll to call alto 
to the fact that, in the first place, tho composition of Ficmni’n oxydl m cmittwuitil* 
not correspond to that of permolybdio and pertungeti© acid. If the latter tn* expr 
by formulae with one equivalent of an element, they will b§ HMoD* and HWu t) tut 
oxy-fluo forth corresponding to them should have tho composition MuO*!*’ and V 
while it contains M0 jF 2 and W0 3 F a , U. anawen m it were to a higher degm? of * 
tion, MoH a O a and W HO s . But if permolybdio acid bo regarded as UMoO* t 11* * 
as containing the elements of peroxide of hydrogen, then Pirn* ini's compound wdl al 
found to contain the original salts* Hj,0 ; for example, from, MoO^F/iK FII-/1 tin 
obtained a compound MoO a F a ‘2KFH*Q a , i.e, instead of H a O they contain HgO^* 1 
second place the capacity of the salts of molybdenum and tungsten to retain a fi 
amount of oxygen or H a O a probably bears some relation to their proj*crty of giving 
plex adds and of polymerising which has been commlerwl in Not** n bn. Hi* 
however, a great chemical intercut in the accumulation of data th*^o 

peroxide compounds corresponding to molyhdic amt tung4i© acid?!. With r«*g# >l I I 
peroxide fohn of uranium, $m Chapter XX., Note 00* 

10 Uranium trioxlde, or uranic oxide, shows it* feeble baste and Mill 
great number of ite reactions. (1) Solution* of uranic igdti gift yellow precipitate ■ 
alkalis, but these precipitates do not contain the hydrate of Sm mtfite, Imt eompcmi 
it with bases; for example, aUO,(NOa) # +6KHO-.4KNO»+5n,0 ♦ K,UjO,. Tlw 
other urano-alhaXi compounds of the same constitution ; for ox ample, (Nil*!, 
(known commercially as uranic oxide), MgU f 0?, BatJyOj. They the 1 

dichromatos. Sodium uranate is the most generally used under th*» mmw «»f ur« 
yellow, Na^U^O?. It is used for imparting the character iritic yellow -grintii lust. to 
and porcelain. Neither heat nor water nor acids are able to extract tls« s*lh ? 
sodium uranate, NojUyCb, and therefore it is 11 true insoluble salt, of a ye!!*»w »**«tou 
■ dearly indicates the octd character (although feeble) of uranic ©shin, (*J| Tlw w!k. 
•©I tike aB ea Kne earth* (for instance, barium carbonate) precipitate «a»i k ostite tm 
salts, as they do all the salts of feeble base# j for example, (ft) 4 The ttikaim 

bonatm, when added to solutions of ut§nle salts, give a jprteljrifaf#, wkkk is min 
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forming fluorescent yellowisli-green salts of the composition 
end in this respect uranic trioxide, U0 3 , differs from chromic ai 
Cr0 3 , although the latter is able to give the oxychloride, CrO- 
molybdenum and tungsten, however, we see a clear transit 
chromium to uranium. Tims, for example, chromyl chloride, 
5s a brown liquid which volatilises without change, and is co 
decomposed by water ; molybdenum oxychloride, MoO^CLj, is 
tallino substance of a yellow colour, which is volatile and s< 
water (Blomatrand), like many salts. Tungsten oxychloride, 
stands still nearer to uranyl chloride in its properties ; it fora 
Beales on which water and alkalis act, as they do on many si 
chloride, ferric chloride, aluminium chloride, stannic chloride, « 
perfectly corresponds with the difficultly- volatile salt, t70 9 01 3 ( 
by Peligot by t\io action, of chlorino on ignited uranium diox id 
which is also yellow and gives a yellow solution with water, lik 


<m excess of the reafjrnt, and particularly no if the acid aarlxmatos be tukci 
duo to the fact that (4) the urunyl safes easily form don bit i salts with the m 
alkali metals, including then saltsof ammonium. Uranium, in the form of th 
salts, often giv« Mbits of wtdbdofinud crystalline form, although the simple sat 
prone to appear in crystals. 8uoh, for example, are Urn salt® obtained by ditwob 
Mum unmate, K a U a 0 7l in acids, with the addition of potassium salts of the s 
Thus, with hydrochloric acid and {xitassium chloride a well -formed crysb 
K a (UO.J('l 4 ,2H a O, belonging to the monocUuic system, is produced. This tu 
poses in dissolving in pure water. Among these double salts we may nu 
double carlmnate with the alkalis, R 4 (UO v )(G0 5 )r (equal to Ult 4 CO (n i UO a 
acetates, It( U(>$d(C a I IsO^fe-for instance, the sodium wait, N iv( U0 9 )(C^U^( )*' 
potassium salt, K(UO v HC ll Ha(b) 3 ,lM > ; the sulphates, IL ; (U0 a HBO 4 h,*iH s O, A 
preceding formula It « K, Na, Nib, or lb •» Mg, lie, Ac. Thh property 
comparatively stable double tall* indieptm fmbly dmmhped Imww proper tit 
double salts are mainly formed by salts of distinctly basic metals (that® form, 
Mi® bain* element of a double salt) and salts of feebly cnergetk) buses (these for 
element of a double safe), just as the former also give acid salts; the Mid o 
■alts is replaced in tint double safes by the salt of the f#®bly ©aergetie bate, 1 
water, belongs to- tho class of intermediate bones. For thi® riuoa barlun 
giv# double salts with alkalis as magnesium does, and this i» why double 
more easily formed by potassium than by lithium in tho series of the alki 
(5) The most remarkable property, proving the feeble energy of uranic oxide at 
Soon in the fact that when their con quotation is compared with that of other «U 
timtiic oxide always appear tj* basic gatta. It is well known that a mutual 
correspondti with the oxide H/q, where X» Cl, NU 5 ,Ac.,or X a +* HO^C’O^djo. 
also exist bosiu salts of the same typo whore X HO or X a «** (>. We »aw s 
kinds among tbs salts of aluminium, chromium, and others, With uranic oxi 
aw known of th© types UX$ (UCfe, il(H0 4 ) s , alums, ^c.,aru not known), nor > 
luwm . v . tmv l«» u .i-,.-. —i*., „nr n/om v. - 
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ealts U0 2 X 2 . The property of uranic oxide, U0 3 , of forming j 
U-0 2 X 2 is shown in the fact that tho hydrated oxide of ur&n 
U0 2 (H0) 2 , which is obtained from tho nitrate, carbonate, and o 
salts by the loss of the elements of tho acid, is easily soluble in m 
as well as in the fact that the lower grades of oxidation of uranium 
able, when treated with nitric acid, to form an easily cryntullk 
uranyl nitrate, U0 2 (N0 3 ) 2 ,6H 2 0 ; this is the most commonly occur 
uranium salt. 11 

Uranium , which gives an oxide, TJO a , and tho corresponding 
U0 2 X 2 and dioxido U0 2 , to which tho salts UX 4 correspond, is m 
met with in nature. Uranifco or tho double orthophosphate of xm 


11 Uranyl nitrate, or uranium nitrate, UO^NOsb, 611*0, crystallites from its i 
tions in transparent yellowish-green prisms (from m add eolation), or in tabular cry 
(from a neutral solution), wliioh effloresce in fch® air and are easily ©olubfo in vr 
aloohol, and ether, have a sp. gr. of 2‘8, ondius© when heated, losing nitric wid and m 
in tho proeos®. If the Halt itself (Bcrxelius) or its alcoholic solution (Molaguii 
heated up to the temperature at which oxides of nitrogen are wived, there then mm 
a mass which, after being evaporated with water, leaven uranyl hydroxide, tl0 4 (! 
(sp. gr. 5*98), whilst if the salt be ignited there remain® the dioxide, t.K.% m a briel 
powder, which on further heating loaes oxygen and forms the dark olive umtiMHu 
oxide, U 3 Oa. The solution of the nitrate obtained from the ore in purified in the fid he 
manner : sulphurous anhydride is first passed through it in order hi reduca the am 
acid present into aruonious acid ; tho solution is then heated to tin \ ami sulphur*) 
hydrogen passed through it; this precipitates the lead, arsenic, and tin, ami tm 
other metals, as sulphides, insoluble in water and dilute nitric add, This liquid i» i 
filtered and evaporated with nitrie aeid to orystaUisation, and tho crystal# arc dlwmi 
in- ether. Or else the solution i® first treated with chlorine in order te convert the fen 


chloride (produced by tho action of the hydrogen sulphide) into terri© chloride, 
oxides ere then precipitated by ammonia, and the resultant precipitate, mnteimnn 
oxides FcaO^UOjs, and compound® of the latter with potash, time, ammonia, and a 
bases present in the solution (the latter being due to the property of ttfMii© c»si*l 
combining with bases), is washed and dissolved in a strong, »UghUy>H«*ted mluUu 
ammonium carbonate, .which dissolves the uranic oxide but not the ferric oxide, 
solution is filtered, and on cooling deposits a well oryntaHismg uranyl ammonium 
donate, ITO^NH^COjb, in brilliant monocliniu crystal® which on ©xjw*«ur*» t« air eh 
give off water, carbonic anhydride, and ammonia; the mum* dm munition t« re® 
©fleeted at 800°, the residue then eonsitiiing of uranic oxide. Tim salt m nut vary **4t 
in water, but is readily so in ammonium carbonate ; It is obvious that it may r**«Uh 
jonverted into aU the other suite of oxides of uranium. Omnium suite »» atw pu« 
&&© tafia ©{ acetate, which it very sparingly aotablt, and It Ihtwf^rt ilIsFtttiy prm 
toted from a strong ©olutioa of the nitrate by mixing it with mmik acid. 

W© my ^ mention th© uranyl phaeptmU, HUFO* which must b© wguM m 
which two hydrogens are replaced by th# radtete uranyl, CIO., i * 
h (U 0 2 )P0 4 . This salt it formed an a hydrated gelatinous yellow precipitate, m mil 
a solution of uranyl nitrate with disodium phosphate. Tho precipitated mmm In 
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oxide, E(U0 2 )H2p20 8 ,7H 2 0, •where R=Cu or Ca, uraniur 
TJ (SC)^)*j^ II«|Oj samarakite, and reschynite, are very rarely fou 
then only in small quantities. Of more frequent and al 
occurrence is the non-crystalline, earthy brown uranium ore k: 
pitchblende (sp. gr. 7*2), which is mainly composed of the inter 
oxide, U s 0 8 =U0 2 ,2U0 3 . This ore is found at Joachimsthal in 3 
and in Cornwall. It usually contains a number of different 
ties, chiefly sulphides and arsenides of lead and iron, as well 
and silica compounds. In order to expel the arsenic and sulp! 
roasted, ground, washed with dilute hydrochloric aeid, which c 
dissolve the uranoso-uranio oxide, U a O g , and the residue is d 
in nitric acid, which transforms the uranium oxide into the 
tr0 2 (N0 3 ) 9 . 

It must be observed that the oxide of uranium, first distin 
■by Klaproth (1789), was for a long time regarded as able 
metallic uranium under the action of charcoal and other reducing 
(with the aid of heat). But the substance thus obtained was c 
uranium dioxide, V 0 2 . The compound nature of this dioxide, 1 
presence of oxygon in it, was demonstrated by Peligot (1841), by : 
it with charcoal in a stream of chlorine. He thus obtained a 
uranium tetrachloride , UCl 4 , ia which, when heated with sodiu: 

19 Uranium dioxide, or umnyl> UO , winch 'is contained in the Baltn UC 
the appearance and many of the properties of a metal. Uranic oxide may be rc*j 
*uranyl oxide, (110^)0, its salts as writs of thin uranyl ; itn hydroxide, (UO^)It,(> y , 
tuied like CaH./V The green oxide of uranium, uranoso- uranic oxide (oaaily for 
uranic Halts by the loss of oxygen), U s 0 9 -*lI0,« t aU0 3 , when ignite with oil 
hydrogen (dry) gives a brilliant crystalline substance of sp. gr. about 11*0 (Urlau 
appourauco resemble# that of metals, and decomposes steam at a red heat 
•volution of hydrogen; it do m not, however, decompose hydrochloric or < 
add, but is oxidised by nitric m id. The fame substance (is, uranium dioxidi 
also obtained by igniting the compound (UOjjKiCb in a stream of hydrogen, i 
to the equation UOjK.GU+Hg^UOg-rSHCl tiKCl. It was at first regard® 
metal, In 1041 Boligot found that it contained oxygen, because carbonic a 
anhydride wore evolved when it was fgnitod with charcoal in a stream of ohlc 
from 27'i parts of the substance which was considered to be metal ho obtained 
of a volatile product containing 142 parts of chlorine. From thin it was conch 
the substance taken contained an equivalent amount of oxygon. At 14*1 part* oj 
Correspond with S’J parti of oxygen, it followed that 272-»8E«Sl4t) parts of nu 
combined in the substance with 82 part* of oxygen, and also In the chlorine c 
obtained with 142 parts of chlorine. These calculations have bean made for 
accepted atomic weight of uranium (U 8*240, $m Note 14), Peligot took anotts 
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liberating hydrogen from acids, with the formation of groon tm 
-salts, UX 4 , which act as powerful reducing agents . 14 

rated. The solution of uranou* chloride in water is green. It in ah*, tenm-d l 
action of zinc and copper (forming cuprous chloride) on u tmluiron >4 m»iu)l* h 
tJO.jCl. 2 , especially in the presence of hydrochloric iu-id and ».iliuiim<-mV. Solute 
uranyl salts are converted into urnnous salts by the action of vuiteu* reducing a 
And among others by organic substances or by the actum of light, nhd-u tin* 5 m.Ii- 
aro converted into uranyl salts, UO-jX;, by exposure to air or by oxidiMitg np-nlit, 
tions of tho green uranyl salts act as powerful reducing agent j, and y»wi a 1 i >»s» 
pitato of the uranous hydroxide, UH 4 0 4> with potash and other slkulnt. Tho hy.h 
is easily soluble* in acids but not m alkalis On igudum it d* « n tu*l term ib> . >»,.!♦• 
because it decomposes water, but when the higher oxide* i f uiaumui aie i--r.nl- 
•stream of hydrogen or with charcoal they yield urououu mute, lteih it and lb«> » h 
UCl, dissolve in strong sulphuric acid, forming n green salt, l‘te* Vte'Hpr The 
salt, together with uranyl sulphate, UO„(H0 4 }, in formed when th« k«* * o ««*eb te* 
dissolved in hot sulphuric acid. Tho salts obtained m the hatri nriiimm m» 
separated by adding alcohol to the solution, which in left exp.n»?d to th» light „ th<> « ! 
reduces the uranyl tali to uranous salt, an vxeim* of acid being rwju.ted. An ein 
■water docompoies this salt, terming a basic unit, which n abu» «*«*}> pn dm « 1 
.Other circumstances, and contains UOlHOJ/ilt^O (which c»*rre»puml« t*» she uinin* 
M Thu atomic weight of uranium was formerly taken an half the proncml one, It 
And the oxides UjOj, suboxido UO, ami green oxide l.l a O|, were of the name * 
•Oxides of irou. With a curtain rwmbhuicu to the elements of the iron group, tire 
presents many points of distinction which do not permit its being grouped with ' 
Thus uranium forms a very stable oxide, UjOjfU «* IttOJ, hut thm* **«»t gmn the * 
,8po«duig chloride U a 01 fl (Hoieoe, however, in JH?< obtained UC*h, like Motel* and V 
And under those circumstances (tho ignition of oxide of uranium mixed with chafer 
.a stream of ohlorine), when the formation of this compound might ho expected, a 
<0 « 120) the chloride 0C1», which in characterised by it* volatility ; this t» iu>t $ 
perty, to such an extent, of any of tho bichlorides, KtU f , of the iron group, 

The alteration or doubling of the atomic weight of uranium- ».*. Ut« 
XJ«240“~wai made for tho first time in the first ( Russian) udilinn of this work! In? I 
in my memoir of the same year in Liebig* a Anmtim, on the ground that with «t * 
"weight 1‘20, uranium could not he placed in the jw*riodie system. 1 think it will u«4 !»« 
fluoui to add the following remarks cm this subject ; (1) In tho uth*>r group* {K - Lb 
•Ca— Sr— Ba, Cl —Ur— I) thf add diameter of the oxide* d«vre 4 «eQ»i,d their !>*»«■ ft: 
ter increase with the rise of atomic weight, and tb.irof. ro we di <uM . •. i . i f.,,. 
came in the group Cr— Mo— W— U, and if t*ite v M«u n , U< > 5 b» ib. «»•.;. i.p.-b « *4 
then v^e indeed And a deereaeo in their add diameter, and th*>rrter« nuimim tt$,. 
XJ0 8 , should hi a very feeble anhydride, but it* tend# property* *temJ4 *l«*i )*> 
fNbha Vtmh oxide dot* feted show them* poptrife*, m mm pointed mi? «>«.,»» * 
M), (%) Chromium and its analogues, teisidti the ostites It% alro U«m bm»r gf ». 
oxidation JiO a , EjjOs, wul the aamu.l» mmt in uranium \ it form# Vn %> tTi w r # n 
^thsir impounds* (I) Molybdenum ind tungsten, In being tmlmm 1 lit >„ mmmi 
frequently give an intermediate oxide of a blue mkm r, «ti4 umtihun sh«m» the 
property *, giving tho so-oallod groan oxidii which, according to pmmnl %«w* f 
be regarded as U 3 O d « UO^UO g> analogous to M«|0 # |i) Tb« higher xh)wr*W, 
fo^blf for tho elements of this group, are either unstable |Wt:y «r 4« i «4 mmt % 
<0)| but there k one single lower volatile compound, which h by « 

aad llgbte to further reduction i ate a nonvolatile ehteriiw pr.idmt «i,| the 
•amet® observed te uranium, which terms an easily mUUU MitetWa, UCL t 4m^mt 
% w^er. (I) Tim high sp. gr. of uranium (1H«) k exptotet*l by it*»i«if: W te im H 
< 6 ) Wm at im ehromittm mi Uutg® Urn, M»u 


As the salts of uranic oxide are reduced in the absence c 
matter by the action of light, ax}d as they impart a chai 
coloration to glass, 15 they find a certain application in'photogi 
glass work. 

If we compare together the highly acid elements, sulphur, 
and tellurium, of the uneven series, with chromium, mol; 
tungsten, and uranium of the even series, we find that the res 
of the properties of tho higher form 110 3 does not extend to 
forms, and even entirely disappears in the elements, for 
not tho stnal lest resemblance between sulphur and chromium 
analogues in a free state. In other word®, this means that 
periods, like Na, Mg, Al, Si, P, S, Cl, containing seven ole] 
not contain any near analogues of chromium, molybdenum, 
therefore their true position among the other elements must 1 
for only in those huge periods which contain two small pci 
whose type is stum in the period containing : K, Ca, Sc, Ti, Y 
Fo, Co, Ni, Ca, Zn, Ca, Go, Ah, So, Dr. These largo period 
Ca and Zn, giving 310, Sc, and Ga of tho third group, 1 
giving It() 2 , V and As forming It*O a , Cr and So of the six 
Mn and Br of tho seventh group, and the remaining dorr 
bo, Ni,, fi >rm connective members of the intermediate eighth 
the description of tho representatives of which we shall tui 
following chapters. We will now proceed to describe m 
Mn^5f>, as an element of the seventh group of the even serin 
following after Or— 52, which corresponds with liras 80 to 
degree that Cr does with So® 79. For chromium, scion 
bromine very close analogues are known, but for manganf 
none have been obtained that is, it is the only represen tat i 
even series in the seventh group. In placing manganese 

dominate in the form ItO,*, whilst the lower forms are green and blue. (?) 7,1 
(IHftl) determined tho vapour densities of u ruinous bromide, UBr„ and oh 
<UI*4 ami and limy wore found to correspond to tho formula* given al*»» 
they conlhnmd tho higher utemic woight U* ‘JlO. ltem*oo, a great unite 
metals of this grmip, wan tho It rut to accept Um proposed atomic weight < 
which since Zi turner nuum't* work haw boon generally recognised, 

i& Uranium glims, obtained hy tho addition of tho yellow salt K^U a O| to 
green yellow fluorescence, and it* sometimes employed for ornament* ; it 
violet ntys, like tho other salt# of urauio oxide- that in, It jaMiiowi an »h«Mi 
tram in whleh tho violet rays are absent. Tho index of refraction of the 
Is altered, and they are given out again a# grwnlsteyeltew ; hence, m 
mink add, when placed In the violet portion of the spectrum, omit a gw 
light, and this forms on© of the best MMaplos (another is found in a soluttm 
sulphate) of tho phenomenon of floAMeoenoe. The rayt of light which pj 
mrtode compounds do not contain the ray® which excite the phenomena of 
end of fihemiO'il transformation, an the romarches of Stekua pravo. 
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halogens in one group, the periodic system of the elements only requires 
that it should boar an analogy to the halogens in the higher type of 
oxidation— in the salts and acids— whilst it requires that an great 
a difference should bo expected in the lower types and elements ati there 
exists between chromium or molybdenum and sulphur or selenium, 
^nd this is actually the case. The elements of the seventh group form 
a higher salt-forming oxide, K 2 0 ? , and its corresponding hydrate, 
HR0 4 , and salts— for example, KC10 4 . Manganese in the form of 
potassium pormanganate, KMn0 4 , actually presents a great analogy in 
'many respects to potassium perchlorate, KO\O v The antilogy of the 
crystalline form of both salts was shown by Mitscherlirh, The salt® of 
permanganic acid are also nearly all soluble in water, like therm of 
perchloric acid, and if the silver salt of the lat ter, AgCK > 4 , ho sparingly 
soluble in water, so also ii silver permanganate, AgMnt> 4 . The specific 
volume 0 ! potassium perchlorate is equal to 85, bemuse its sporiflo 
gravity s»2 , 54 ; the specific volume of potassium permanganate k equal 
to 58, because its specific gravity sa 2*7 1. Bo that the volumes of 
equivalent quantities are in this instance approximately the same 
whilst the atomic volumes of chlorine (35'8/l *3 =» 27) and manga none 
(55/7*5) are in the ratio 4 : 1. In a free state the higher muds HCIO* 
and HMnO* are both soluble in water and volatile, both are powerful 
oxidiaers— in a word, their analogy i® still closer than that of chrwnso 
and sulphuric acid®, and those points of distinction which they present 
also appear among the nearest analogues— for example, in sulphuric am! 
telluric acids, in hydrochloric and hydriodic adds, io, Doubles Mn,0, 
manganese gives a lower grade of oxidation, MnO Jt analogous to 
sulphuric and chromic trioxidoa, and with it corresponds potassium 
manganatc, K a Mn0 4 , isomorphous with potassium sulphate.’* In the 
still lower grades of oxidation, Mn a O a and MnO, thero in hardly any 
similarity to chlorine, whilst every point of nwwnblno™ 
when we come to the elements themselves —i.r. to itmngituoao and 
chlorine^-for manganese It* metal, like iron, which orwntiines dimity 
with chlorine to form a some compound, MnCI*, uttlogtmt to magne- 
sium chloride. 17 

Manganese belongs to the number of metals widely distribut*! in 

19 The companion of Potoiaw oavnuitaiirt* with ^ 


frequently contain compounds of manganous oxide, MnO, v 
a resemblance to ferrous oxide, FeO, and to magnesia. In i 
magnesia and the oxides allied to it aro replaced by xnarq 
oalespars and magnesites — i.e, R"C0 3 in general-— aro fi 
with containing manganous carbonate, which also occurs 
state, although but rarely. The soil also and the ash of pi; 
contain a small quantity of manganese. In the analyaii 
it is generally found that manganese occurs together w 
because, like it, manganous oxide remains in solution in tl 
ammoniacal salts, not being precipitated by reagents. Tl 
this manganous oxide, MnO, of passing into the higher gr; 
tion under the influence of heat, alkalis, and air, gives as 
not only of discovering the presence of manganese in adi 
magnesia, but also of separating these two analogous bases, 
not able to give higher grades of oxidation, whilst mangam 
with great facility. Thus, for instance, an td/mlitie solut 
hypochlorite produces a precipitate of manganese dioxide it 
'a manganous salt : MnCl tt + NaC10 + 2NaHO»MnO tt + Ii 
whilst magnesia is not changed under these circumstances 
in the form of MgC-bj, If the magnesia be precipitated < 
presence of alkali, it may be dissolved in acetic acid, in who 
dioxide is insoluble. The presence of small quantities < 
may also be recognised by the green coloration which al 
when heated with manganese compounds in the air. This 
tion depends on the property of manganese of giving a g 
manganate ; MnCl* + 4 K UO j 0^ K 9 Mn0 4 4 * 2KC1 4 s 2J 
the faculty of axitliriny in (Jm pramtm tf alkali* forms 
character of manganese. The higher grades of oxidatic 
Mn s O y and MnO* ant quite unknown in nature, and oven 
m widely spread in nature an tho arm composed of mar 
pounds which are met with nearly everywhere. The me 
oru of manganese is its dioxide, or so called pmxrufr, Mi 
known isi mini-mingy us pyro! unite, Manganese also < 
oxide eurivspnmling with magnetic iron ore, MnO,Mn 
forming the miuerul known as hmtmntmmte, Tho oxide 
occurs la nature as the anhydrous mineral braunite t and i 
form, called manymdte, Both of thoto ofts 

admixture in pyrolusita Besides which, manganese Ii 
nature m a roso coloured mineral, rhodonite^ or silicate, Mr 
ft no and rich deposits of manganese ores have \mm f 
Caucasus, the Urals, and along tho Dnieper. Those at tho 
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district of the Government of Kutais and at Nicopol on the Bnlc 
are particularly rich. A large quantity of the ore (as much m 100 3 
tons yearly) is exported from these localities. 

Thus manganese gives oxides of the following forms M 
manganous oxide, and manganous salts, MnX 3 , corresponding with 
base, which resembles magnesia and ferrous oxide in many rm\Wi 
Mn 2 0 3 , a very feeble base, giving salts, MnX a , analogous to 
aluminium and ferric salts, easily reduced to MnX^ ; MnQf, cliox 
generally called peroxide, an almost indifferent oxide, or feebly add 
Md 0 3 , manganic anhydride, which forms salts resembling potoatj 
sulphate ; 18 ^ Mn 2 0 7 , permanganic anhydride, giving salt! analog 
to tho perchlorates. 

All the oxides of manganese when heated urith acids give salts* Mn 
corresponding with the lower grade of oxidation, nmngamms ax 
MnO. Manganic oxide, Ma/) 3l it a feebly energetic fate ; it ii t 
that it dissolves in hydrochloric acid and gives a dark solution c 
taining the salt MnCl 2 , but the latter when heated evolves chtoi 
and gives a salt corresponding with manganous oxide MnCJ r ■-*.#?. 
first ; Mn^Oa + GHClsaGHjO-h Mn a Cl fil and then the Mn a O) ti dot* 
poses into 2MnOl a *f OL a . None of the remaining higher grades 
oxidation have a basic character, but mi im oxidising agmt* in 
presence of aside, disengaging oxygen and pawing into salt® of tho Ire 
grade of oxidation of manganese, MnO. Owing to this cireutntUi 
the manganous salts are often obtained ; they are, for Instance* left 
the residue when the dioxide h used for tho preparation of oxygen i 
chlorine . 19 

u The name 4 p#r©xido' should only bn retained lor U vm Ugkmi uni Ass (and U 
standu bofcweoh MnO and MaOj) which either by a direct, mofchod of 
are ftblo to give hydrogen peroxide or contain a krg«r proportion of oxygen then 
bass or tho add, ju»t «s hydrogen peroxide contains more oxygen than wafer. T 

will bo H*0*, and they urn exemplified by barium tmroxhfe, luo,. mul »uif 
psroxido, S tt O T , <feo. Such a dioxide m MnO» k» in *11 probability, « «4t -that 
manganous maAganafe, HaO*MnO # and tor, m a bank salt d a feotbl* bum, mg»t*i 
with alkalis and soldi. Umm tho nmm of auu»|HWM pro nUU #k 
b® akuodonod, sad nptatd by mmn&mm dioxide. I*b0* I* butter termed M *f i«: 
thap poroxida Bisulphide of manganese, M&H to t»r»^c«ali»f to tom pyrlto*, r 
sometimes occurs In nature la fine ©eUhedra (and subs oomhinaUmmh few tontine* 
fiioUy; itbcdMHMorite. 

“ hu Q n mmm i m tho manganatw with tho ptrmiAgaiiafeS' —for «x ample, K«M 

with HMnO.—ws find that th*v differ In j_: 
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As the salts of manganous oxide MnX a closely resemble 
isomorphous with) tho salts of magnesia MgX a in many rospe> 

(horn tho native MnO w ), from which it can not bo freed by eryitedlit&t 
removal may, however, bo effected by mixing a portion of the liquid with a 
tedium carbonate; a precipitate of manganous carbonate is then formed. 
«fpttAfei fi collected and wathed, and then added to the remaining matt of 
solution of manganous sulphate ; on heating tho solution with this preci 
whole of the iron is precipitated at oxide. This is duo to the fact that in tho 
tho manganese dioxide In sulphuric acid the whole of tho iron it converts 
ferric state (because tho dioxide acts as an ©addiaing agent), which, m an i 
feeble base precipitated by calcium carbonate and other kindred salts, i® alto p 
by manganous carbonate. After being treated in this manner, tho solution of j 
sulphate la further purified by crystallisation. If it b@ a bright rod colour, : 
ilrc pmmnm of higher grades of oxidation of manganese ; they may be d#i 
boiling the solution, when the oxygen from the oxide® of manganese i® evol 
very faintly coloured sola tion of manganous sulphate is obtained. Thi® salt It x 
for the facility with which it gives various combinations with water. Bye 
the almost colourless solution of manganous sulphate at very low tomperatur 
cooling the saturated solution at about 0°, crystals are obtained containing 
water of crystallisation, Mn8l>4,7HjO, which arc isomorphous with eobaltomi r 
sulphate®. These crystals, oven at 10", lose 5 p.c. of water, and completely o 
15 \ losing about 20 p.o. of water. By oVaporating a notation of the salt at tl 
temperature, but not above 20°, crystal® arc obtained containing 5 mol. I 
arc iiomorphoui with coppar sulphate*, whilst if the cryatalhtation bo carried 
*20 ’ and SO", largo transparent prismatic crystal® are formed containing 4 mo 
Nickel), A boiling solution alio dupomta those crystals together with crystals 
8 mol. HjO, whilst tho first salt, when fused ami boiled with alcohol, giv 
containing 2 mol. Graham obtained a niomihydmtnd salt by drying 

almnt 200'. The last atom of water is nl mounted with difficulty, as is the n 
Salts like MgSOjttH'.O. The crystals containing a comiidembta iimmmt »>! 
rir mi cnhmred,aud the anhydrous crystals are cnhmrleva, The solubility of M 
(Chapter Note 24) per 100 parts of water i« : at 10 \ 127 parts ; at 87 ’’ft, I i 
75", H5 parte ; and. at 101", Pi parte. Whence it in ween that at the boiling' p«> 
is less soluble than at lower temperatures, and therefore a solution «itur» 
ordinary temperature become® turbid when boiled, Mangatmu® sulphate, te»in 
to magttaaium sulphate, i» doeum posed, like the latter, when ignited, but it d* 
leave manganous oxide, but tho intermediate oxide, MitjOp It give® doubt 
the alkali sulphate*. With aluminium sulphate it forma Aim radiated arys 
omnpotitkni imanmbk* that of th«» alum® — paimdy, MnAld^U»h» 84!i 4 0. ' 
easily soluble bn water, and occur® in nature. 

Manganous vhloruh, MCtj, crystallises with 4 mol. Il./\ hike the f«-rr< • 
not with tl mol H ; G like many kindred nabs— for example, those of cobalt, r 
magnesium; iUO p uts »*f water dmnolve !IM parts of tlm ttuhydr. a« n sail at 
par? t at ?V.'» , Alt*, A*. *1 also dissolves nmngnnou* cbl •» ale, and tho ab’ob-' 
burns with a red tbune. This salt, like nmguesmm i Id-nde, readily t mis • 
A solution of t«»rax give® a dirty rose rotamed precipitate h*' mg the 
Mull dUihdflMb whirl* *» used a» a dr*«r m pamt- making I'otaadum «* 
ducea a $«dtnwktvgrey precipitate, Unt\H } . with ntaagattoit* in 

the reagent, a double salt, K*Mi*i' n N tu corri»«pati«hn# with patoMium f« 
being formed. Ou evaporation «f this notation, a portion «f tli» 
and precipitated, whilal m wdt §« tlin#h»'» rot) wdt, KA 

Chapter XXII h remain® in jndultetn Htdphfi ratted hydro#**) d**na n-i 
aalt.il of manga newr. tint «v«»* tho acetate. but ammonium mtlidssdn combs a C 
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the exception of the fact that MnX a are rose coloured and are 
oxidised in the presence of alkalis), wo will- not dwell upon then 


oxalate, MoCaO*. This precipitate is insoluble in water, and is used for the propi 
of manganous oxider itself because it decomposes like oxalic acid when ignited (in 
without access of air), with' the formation of carbonic anhydride, carbonic oxhl 
manganous oxido. Manganous oxide thus obtained is a green powder, which h< 
oxidises with such facility that it bums in air when brought into contact w 
incandescent substance, and passes into the red intermediate oxide Mn 5 0*. In mil 
of manganous salts, alkalis produce a precipitate of the hydroxide Mnlf 3 0 ? , 
rapidly absorbs oxygen in the presence of air and gives the brown intermediate 
or, more oorreotly spooking, its hydrate. 

Manganous oxido, besides being obtained by the ahbve-deia’ribed method from 
ganous oxalate, may also bo obtained by igniting the higher oxides jn a $im 
hydrogen, and also from manganese carbonate. The manganous oxide ignited 
prosonce of hydrogen acquires a great density, and is no longer no easily axl<lt«« 
may also bo obtained in a crystalline form, if during the ignition of the carbon 
higher oxide a trace of dry hydrochloric acid gas be passed into the current of hyd 
It Is thus obtained in the form of transparent emerald green crystals of the ft 
system, and in this state is easily soluble in acids. 

Manganous oxido In oxidising gives the rmi <wM* IC(i|0«, This 

moat stable of all the oxides of manganese ; it Is not only stable at the ordinary b%\ 
at a high temperature— that is, it does not absorb or disengage oxygen epontanei 
Wbon ignited, all the higher oxides of manganese pest lute it by losing oxygen 
manganous oxide by absorbing oxygon. This oxide dims not give any dodumt 
but it dissolves In sulphuric and, forming a dark rod solution, which contains 
manganous and manganic (of the oxide, Mn v O„) sulphates. The latter with %mim 
sulphate gives a nuunganoMt alum, in which the alumina k mptmml by ite imnmr\ 
oxide of manganese. But this alum, like the solution of the intermediate »xhl« ti 
phurio add, evolves oxygen and leaven a manganous salt when slightly heated 

Mangfflwm dioxide is still less basic than the oxide, and disengages oxygen 
halogen in tee presence of acids, forming manganous iiaUs, like the oxide. However 
h© suspended in other, and hydrochloric acid gas pasned into the mixture, which i# 
cool, tec ether acquires a green colour, owing to tee formation of tefrachten 


.manganese, MnCl 4 , corresponding with the dioxide which into felntten. 

however very unstable, being exceedingly easily deonmimMtd witli th# eroltiti 
chlorine. The corresponding fluoride, M«F 4 , obtained by Nteklti# is much mmm 1 
At all events, manganese dioxide dims not exhibit any widl deftaml basic charart* 
has rather an acid character, which k particularly shown in the compound* Mm! 
MnCi 4 just mentioned, and m the projmrty ,»f manganic dmxi.l* ,.f o. w b milljf 
aBaOit. If the higher grades of oxidation of manganos** b» deoxidised m ih« }***»: 
idkalis, they frequently give th# dioxide combined with the *ik*h - fur •« * w .,u 4 1 
pmestioi of potash a compound it formed which contains which *km 

*•* Mia duunutor of m o*ido. IplM i« tbo fmmm «f 

5 n< T U!r i“?‘ ^MWO, M»l .».i Ii,„; 

Ua nZ*T m u”v C *°i Mn0 ‘ (Hww**«i> mr,m\rn« I 

° "f ".f” !**, “** * r * rSh,Un »* *hU* rapport «U » ...» |H, 

^ d ’’ Tnub »' *»<> Other,); for inoUnra it w known th»i mJJ 
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limit ourselves to Illustrating the chemical character of man| 
describing the metal and its corresponding acids. The fact a 
the oxides of manganese are not reduced to the metal when i 
hydrogen (whilst the oxides of iron give metallic Iron wit 
circumstances), but only to manganous oxide, MnO, she 
manganese has a considerable affinity for oxygen— that is, It ii 
to reduce. This may be effected, however, by means of chi 
sodium at a very high temperature. A mixture of one of the 
manganese with charcoal or organic matter gives fused melm 
ganem under the powerful heat developed by coke with an 
draught The metal was obtained for the first time in this an 
Oahn, after Pott, and more especially Sehoolo, had in the last 
shown the difference between the compounds of iron and mi 
(they were previously regarded as being the same). Mangnnei 
pared by mixing one of its oxides in a finely-divided state wit] 
soot ; tlm resultant mass is then first ignited in order to dt 
the organic matter, and afterwards strongly heated in a charcoal 
The manganese thus obtained, however, contains, as a rule, a \ 
able amount of silicon and other impurities. Its specific gravi 
between 7 *‘2 and 8*0. It has a light grey colour, a feebly 
lustre, and although it is very hard it can he scratched by a 
rapidly oxidises in air, Ixung converted into a black oxide ; w 
cm it with tlm evolution of hydrogen —this decomposition prow 
rapidly with healing water, and if the metal contain carlvou’ J " 

dioxtito, at wan mautionwl abovn. Martgnwnm rei irate «]*> hmvmt matigaii* 
wl«m hrnteU to U0U M it in also «»htttiu**ii from mmigmmw mi«1 mmtgmm * 
wlksJhit, whim they are in tlm prmmum of & nimll amount «f arid 

%kmX m«Utod of converting the wait* MttX f m to tlm higher grades of cmotetoiii 
Cluster IL, Note & 

*» Ollier chemists \mm obtain*! omngan««ie by elifferwit ffwVhai*, aid 
different pmpmrUm te H. The* difteretum probably m% tha itrtwanra 

In different projmrtfon*. Dovilla ebtemwl mangane** by th» jnti 

snored with pure t*Harc»»td {femi burnt tutgar), to a uttnug hmt m % hmn mould 
resultant timid finnl. Tire rental ttM&iired htu t u ti>m’ tint, hire bmmulh, 
wan vury bnitln, uiehmigh * %< * Imril It »1» >mp * >aml water fit lb* 

teffiftfiralure. itruitimr *»btoured nmngairetn having » upm-ilw gravity <>f aLmi 
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It has been shown above that if manganese di 0 
lower oxide of manganese, bo heated with an alkali in t! 
air, the mixture absorbs oxygen, 91 and forma an alkaline r* 
green colour : 2KIIO 4 M n0 9 4* I ) =3 K a Mn0 4 4* H 3 0. St; 
gaged during tlm ignition of the mixture, and if this , 
place there is no absorption of oxygen, The oxidation ^ 
more rapidly if, before igniting in air, potassium eblo^ 
added to the mixture, and this is the method of prepar 
mtt»fjnnat<\ K 9 Mn0 4 . The resultant mass dissolved in a i 
of water gives a dark green solution, which, when e vapory 
ii* reiver of an air pump over sulphuric arid, deposits gvi 
exactly the same form as potassium sulphate namely, 
and pyramids, The eompoMii»m of the piodiiet in not eh 3 
mlmmilved, if perfectly pure water free from air and ca, 
taken. But in the presence of even vory feeble adds • 
this mlt changes it « colour am! becomes rod, and ciopoQ 
dioxide. The tame decomjmsitton takes place when tho 
with water, but when diluted with a large quantity of ^ 
mntiguntmn dioxide dura not separate, although tho sol u 
This change of colour depends on the fact that pot&ssiui 
K|MnU| t whoso solution in groan. Is transformed into j 
manganate, KMnC> 4) whom nutation is of a red cutout*, 
p weeding under the influences of Acids and 11 large ques 

earUdai of RtatitfanMO "-for *>m#»i|4«, M m %C amt rrnna 1 
VoUithml in Uw heat of tho voltaic «um. nt*ttjtAn»«» *4, lmw«v«i 

a burg# ttcat§» hub only tt* alloy » will! eioWn (Uwy rwuhly and rapidly , 
mangyaniw or a cfyaUllim* alley *4 ir**a, m4#tg«wsti an cl 

turmltml m hlaU4unnM?f»* bk« pig-iron fw Chapter XXII.) TbU I! 
fwiployml in Uia ttianufftdtirci t*l ®1#©S by tle»a*mc»t*« «jui ethar proc 
XXII ) awl for Uw» marrohwtoro *4 matiganvae hron**. |fti««tvr ( In A. 
Wahl UHUf.J ehUtimtl eilmmb pttr» rorUlh* 1 «*»» * Urgo nctvli 

Urn era of Mntq with iHJ p.m milphmrm «w-»*l iwlmh oHa<-u all t, 
protonl in Um mu), awl then beat it in a rodiwiMg ft*<n» l« « *wvnrt r 
thuy mix with a p»w4#r of At* limo ami C*&* 9 (m a, Itttb ami UoM 
w$4bt# lined with magnsoi* \ a imtstt4te4#lf Ukm ptaen at a 01 

sad a nuM oi opoeilo gnurtyr TS I* obtaMk wWdh only ««W«® a. ‘ 
glm two aempemd* with milw f#% If %ff $ and M, 1 
ehteiiwd by MUng m (till) ftom tho atsud^MM of mmg&mm Mn^l 
mereary mwdu by tho icihw of aw etaotrta ottrtonl npm % «olutl> 
mercury may b® mnovod from this antalgftttby hooting ilia an atm 01 
ami Own nmtalllo raangabeaft is obUinwl m a groy p**r**«# mmm ef itj 
If thi® amalgam U» heat*>4 in dry nitrogen ft give* Ma^N, fgroy powc? 
If 1 hmUo 4 i« an atmoai«Imra «4 Nll| IS icivoo faa abo fUn&Ng) M 
with a motallin Ittitro, ap.gr, U VI), winch, ^>Hcn hratm! in mtrogai 
tad if \imMA in hy4r«i^u tmAvm NUy and hydro 

ll ttflkPX* 4t all tvfutfi, mmgmvm b a wotol mbkk 
Hum iw t vthM, tnA wWi 

il Wswiti, W%M^ % 
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Im expressed in the following manner : 3K s Mn0 4 4 2H a 0^2KMn0 4 
•f MnO a 44KH(X If there k a large proportion of add and th© de- 
composition is aided by heat, the manganese dioxide and pofe&aiium 
permanganate are also deeompoaecl, with formation of nmnganous salt. 
Exactly the same decomposition m takes place under the action of acids 
is also accomplished by magnesium sulphate, which reacts in many cases 
like an acid. When water holding atmospheric oxygon in solution acta 
on a solution of potassium xmnganate, the oxygen combines directly 
with the manganate and forms potawium permanganate, without 
precipitating manganese dioxide, 2K s Mn0 4 -f 0 4» H a O ®» 2KMn0 4 
4*’2KHO, Thus a solution of potassium manganate undergoes a very 
ehamoteristie change in eolouVand passes from green to red ; hence this 
salt received the name of chameleon minerals 

Potamum permanganate, RMn0 4 , crystallises in well-formed, long 
ml prisms with a bright green metallic lustre. In the arts the potash 
is frequently replaced by soda, and by other alkaline buses, but no salt 
of permanganic add crystallises m well as the potassium salt, and 
therefor© this salt is exclusively used in chemical laboratories. On© 
part of the crystalline salt dissolves in 15 parts of water at the ordinary 
temperature. Tim solution is of a very deep red colour^ which is so 
Intense that it is still clearly observable after being highly diluted with 
water. In a solid state it is decomposed by heat, with ©volution of 1 


w It, wm known 'to the alehamlato by thin name, but the true oxt»T*uktton of the* 
change m colour la due to the rMtarohmi of Chavttlnt, KdwwrcU, MiUaberlioh, sad 
Furohharortwr. The change In colour of potoisimn msmgtumte U dn« to its lento* 
bility and to Ito ejdlttiag up into two other manfitatim cottpmmdi, a higher and » 
tower sMnOji •* Mn.Oj t M»0 4 . KanjputtM triox i do it imiJy <toeampt*«d to ibto tunner 
fey the action of water (me Inker) : 8Mn0n+H$G «• UMuIJO** MnO| (fmak, Thorp#, 
Humbly). The toatebiUty of the toll to prowl by th# fact of f to hk»f d#«ldi§«d by 
organic matter, with th# temuttou of mm%mm t MmUh and alkali, so that, for toftono®, 
a solution of this mU cannot hi filtered through papier. Th® ymmmm of m exemtw of 
til belt fnrmwit the sitehtliiy of the salt; when heated St tomb# up is th# proscae# of 
water, wnh th® evolution of oxygen. 

Tim iiirUmd nf procuring petamum j uermanffamitf will tv® MicteraUmd from th® above, 
Tie touro many ronjw»a f* *r |ir®j«vr»»g thm mib&Un®**, uu it to imw ue«d to mnimtorabte 
qimnlit *«iy b tth f«.r teihhhw) tutd laboratory purpoae*. But In all ea**»a the a#w»*»w» of 
Sh# tnetlHHlH u turn etui the wwne: a mixture of alkali with any oxide of manganaa# 
(oven mangamJMe hydroxide, which may \m ebulnod from manganous ohtarkte) is ft ml 
boated in the prewticcof ate or of an tmidiaiug mlmUmm (for th# wtot of r&pMity, with 
petMmum chlorate) , tb# reaultant rmm it ibnn treated with watur md heated# when 
mangjunnui dUmii® n» precipitated ami polMMUttn pttmmgmu&M mmimt to ©oteUtm, 
Th»*i wloto'f* may bo boilod, us the IkjaM will ccmteta frvo wlh-aU i hut th# notation 
h® ev«j«»rattul to drytuMtt, fe#«auift a ttfcsj iotaktaa, m well m Ibo solid snUt, to 
1 by heat 

By milling a dilute nutation of maagasmw eulphwto to a boiling mtaiam o! loofi 
dkmkte amt dilute* nitrio add, th# whole of Uu» maag&atit may fe# ^averted tote pw* 
m*&g«Ato add (Crum) 
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oxygen, a residue consisting of the lower oxides of manganese and 
potttofdum oxide being loft* abl1 A mixture of permanganate of potas- 
sium, phosphorous and sulphur takes fire when struck or rubbed, a 
mixture of the permanganate with carbon only tikes lire when heated, 
not when struck. The instability of the salt in also seen in the fact 
that its solution is decomposed by peroxide of hydrogen, which at the 
aatno time it decomposes, 'A number of substances reduce potassium 
permanganate to manganeso dioxide (in which case the red solution 
becomes colourless).** 3 Many organic substances (although far from 
all, even when ladled in a solution of permanganate) act in this manner, 
being oxidised at t his expense of a portion of its oxygen. Thus, a 
solution of sugar decomposes a cold solution of potassium permanganate. 
In til*' presence of tin excess of alkali, with a small quantity of sugar, 
the reduction leads to the formation of potassium manganat<\ hivuuno 
2 KMuG 4 4 2KlI0aO4"2K t MnO 4 f With a connidumlde amount 
of sugar and a more prolonged action, the solution Umm brown and 
precipitates timngamma dioxide or oven oxide. In the ox illation of 
many organic bodies by an alkaline solution of KMit(> 4 generally three- 
t'ighlhs of the oxygen in the mdt are utilised for oxidation : 2 K M n< 
s,;K 3 0 | 2 Mnt )j \ t > 3< A portion of the alkali liberated is retained by 
the mauganmt dioxide, and the other jmrtion generally combine?! with 
the tubstUmoa oxitHscwl, tetrumm the latter moot fm|uently gives an acid 
with an exoftMt of alkali. A solution of j«3tna«Ium iodide aids in a 
similar manner, being converted into patAAStum tela to at the expense of 
the tlmm atoms of oxygen diomigiigcxl by two molecules of policed um 
pannang&nftta* 

In lh« prmfnM of petti** in m ptrmawjntutb twig m a n Qmdimng 
nt/aif with still greater energy than in the presence of alkali«. At any 
rate, a greater proportion of oxygen in then available for oxidation, 
namely, not jj, ms in the p renewal of alkalis, but jj, Unause in the brut 
instance rnang&rmito dhxidt* is formal, and in the second case timngan- 
ou« cixMn, or miter ite ludt, MnX» cx>rroapcmding with It Thin*, for 

»w* The Mlntkm of CUi wit with m mmm of tapiro mmumtM *!Ml ffttuwUly 
oeqatao ft Kmiw tiui 

** A Dotation id piMmdvim rwm&Bgtm&ta gtaiw a Wtitiftil 
(Chftptar Kill ) If to® Ughl in pftwtaf toftmgfh this nutalkm \tmm a | wtriton vf U* uf» 
Ifi U (it ea« nmy mt Domoul for It). I hi* t» gmriiidljr «s*|4#d«»4 t»y to*» taer«s»«w4 
pow^r whii'k tin* flotation then argnirwa Wi» may h**r» nl»«« remark tout a 
of |H»rmaiigaaat«i of form* » colout tasst flotation with nickel W*’ftt§§# 

grtwMi minor of 0m elation of nicked wtiU in roinpUinoiiUry t*» lh» r#4, H&$tt ft 
dtMiortsftd tfdatom, mnlfttotag a Ur$« {•rs*|«t»rl«*-vi «»f nirkel mi 4 a small pru|wjrtitm of 
BftWftHiia! immipmm attar a Hip, throw* down ft pnmipttAtu, 4*4 toft 

gri§«ft m&m prqpor to too nlektl writ «. Tb» «44Hie« of a ndtaltasi of ft t»WH> mIi (ratt* 
ml) to Ik® MkA mb ftte i«irwp too wtonr of bolh 
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instance, in the presence of an excess of sulphuric acid, the decom- 
position is accomplished in the following mariner : 2KMn0 4 *f3H a B0 4 
s3aK a S0 4 -f 2MnBQ 4 4"3H a 04-50. This decotu position, however, does 
not proceed directly on mixing a solution of the salt with sulphuric 
acid, and crystals of the salt oven dissolve in oil of vitriol without the 
evolution of oxygen, and this solution only decomposes hy degrees after 
a certain time, This is due to the fact that sulphuric acid lilmratea 
free permanganic acid from the permanganate ,' u which acid is stable 
in solution* But if, in the presence of acids and a permanganate, there 

N II tnalphud© told Is alkwmd te tot cm petewltta pwimnpmate with cm 1 any tpooUI 
prcmutUm®, a Urge amotmfc ©I oxygen i§ ®v©lv#d (It may and mllam#), and 

a violet spmy ©I th® dwmpeatag pormatigiml© add if given off* But if Uw part sail 
(ie. free from ohterln®) bt dlaaolvad la part wolboooled sulphuric told, without 
my riee in teraparatert, a gratn-coloomd liquid aettlea at ih« bottom of lh« vmaal. 
Till a liquid dot® not no stain my eulphurta meld, and cimaiau <4 pertniuigama anhydrido, 
MiUjO', (Audit off, CtorrellJ. It it imponudd© to prepare any t'.muutembte quantity of the 
anhydridu l»y thin mtdlunl, aa it dmiompmua with an nspho»ton an it nilWU, ©v.dvuig 
Oxygon and Wvlng rent oxido *d manganmu*. Vrrmangame anhydride‘s MrijO,, in 
dissolving in BuJphuri©a©id,giv®«itt gre©« nutation, whirh (ammUng to Frank#, MfH7)con« 
tataa a ©impound MrtySOjn « (MnOj^BUf-Utst if, smljdmrta told m whteh both byditx 
goo® are replaced by dm group M«0^ which if ootnbtawi with OK in parmanganato of 
potewlum. Tltte mixture with a small quantity ©f water giv#n Me/te toonrdiog to l hi 
aquation: (Mn0 3 ),H0 4 + H f O «** H«H0 4 + Mn^Of, atid wten hwatad to » a It givcm m$m* 
gamut* trwxuU\ (MtiO a ) v H0 4 ♦ II, i> uMnO* i H,W) 4 • o. Pure tnatiganewt trmteta u» 
jobtaimul if tho notation of { Mnt Vo-jHC t ( bn poured nidrep*><n to mtdtum carbonate. Thm, 
togutter with rarUnni© anhydrite, a apray *»f ui'itiyniirw lre»*,ste .-wit, whiOt 

may Lhh'oHck'UhI tu a w#U united rtvnivrr, and llm, s)i«w» that tin* reart, mi, j.|.*irr,U 
aacmrding to th« ©qualms . iMn<‘te' iu 4 ' N* ( ni, • < viMn*H » t‘i», « l 

Tli© trio X itl© in dn©<»m|*»«it*d by water, tanmiqj mangas©^" dmttdn and a Rotation *»f 
parmuwgrtnto acid * ftMnO* ♦ 11,0 «• Mm » 4 «■ 'ill Mm Th*» **tu© a*i4 m obtained by 
ditmotemg pomtangani© anhydrite in water. 

Barium permanganate whan treated with atdphtirte arid givsa thu mmw tod. This 
barium fait may b#» prepared by the mlmti of barium thtarite m ih# dlfffoulUy aolobto 
sUvor p^nBftAttganate, Af Mn0 4 , whl®h k pr^ripdat^l m mixiftf a strottf ooluMmi of lb# 
potomlum aalt with sUvor nitrate, Th« rndotkm of piirmanganto mmi forms a brlflit wmi 
liquid whteh reftwte a dark viotoi tint A dilute lolnUon hm oxaoUy Iho mmm rutoor 
an that ©f the pntaaalum talk It dopoolu dfrxM* wh»a ©npo»d t« il» ml km 

©I bglit, and alao whan haatetl alw»v« fttl", and thm pr**r**wU th© rm*re rapidly iW tsi««r« 
dilute th» a«dtiti«m. H ulmwn ite cixidiHing pr«*jwrln*'H m itiany rarea, as already 
rmmtn»m»d, Kv*m hydmg«ni gas U abak«rh«d by a e^Uttn»n f t p*sr sstanganlr and; and 
chariHwd and nulphtir are al?M» iMidnunl by il, aa th^y are» by p<U**niiii |»«rm*ngttn*te. 
Thus may b« Ukan advantage of in analysing gtinj«*wd»r, l«aw wh«»n it te 
with aatdutem id pnteaaium j.a*rmanganale, all !h» aulphur u$ »ni© awtplmrte 

(told and all th« ©haranU into wW»i<> anhydrnte Pmely divntod pl*t4nu.ni tmmmikm§rn$y 
ptrmangante mUt With pot**Ma«n b4»4« it IiUmsIkm teiis# |«hteb wmy 
sftewtodi bo otddlMd Into tell© told) (MitooWbrli, W'r«,mhm% AmMl* mi 
Amrosuiia 4mm sol term a «f»ipirdiii| mil with trm m fd, It la 

oxidUod with •rotation of idlivfoo. Thw ©lidtesi totem off told to a 

afdutbm may U% n«*umpfti>M by ii»i mi Uio t^nmUm of *toUt fnoiM of 
permimg(u»it! arid ; thua a atreng wdobon *4 it tak#i wteto brought into »«>ntect with 
p4ptir # ate ted, alh alma aulphntwa, fate, A©. 

Wt nay add that* tocurtbng to Franks, S pm\ *4 pnttobilsm p®-rr»Mi4iyE»te with 1! 
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is a substance capable of absorbing oxygen— for instance, capable o£ 
passing into a higher grade of oxidation — then the reduction of the 
pontmugiimc acid into manganous oxides sometimes proceeds directly 
at the ordinary temperature. This reduction is very clearly seen, 
because the solutions of potassium permanganate are red whilst the 
manganous salts are almost colourless. Thus, for instance, nitrous acid 
and its salts are converted into nitric acid and decolorise the acid solution 
of the permanganate. Sulphurous anhydride and its salts immediately 
decolorise potassium permanganate, forming sulphuric acid. Ferrous 
anils, and in general salts of lower grades of oxidation capable of being 
oxidised in solution, net. in exactly the Mime nmimer. Sulphuretted 
hydmgeu iu also oxidised to Milphtuie acid ; c\cu mercury is oxidised 
at the expense of permanganic acid, and den *1< c isies its solut ion, being 
converted into mercuric oxide. Moreover, the end point of them' reactions 
may easily !m warn, and therefore, having first determined the amount 
of active oxygen in one volume of a tail u lion of potassium permanganate, 
ami knowing how many volumes am rMjuiml to effect -a given oxidation, 
it is m:»y to determine tin* amount of an <nddi»>ahle substance in a. 
solution from the amount of peniiatigamit** expended (Marguerite's 
method). 

The oxidising action of KMu*> t , like all other chemical reactions, 
m not itcewu pUsliml instantaneously, hut only gradually, And, nn tha 
course of the miction in hem easily followed by determining the amount 
of salt unchanged In a sample taken at a given moment, 1 ^ tin* oxidising 
tenet ton of potassium permanganate, In an acid liquid, was employed by 
Ilaroourt and Knwm an one of the first mta» fur tho uivuiligutiuu 

of the laws of the rate ofchviuirnt i'h«t age w a» a mihjort of grout import* 
ance in ehouiim! meclmnicn. In their ex perimenta they took oxalic acid, 

puritt of «tU|ihmii' ari*1 at too $m*-a i-ryntal** * f th** ffctu 9 tH* >,».,!! ,J0 ‘,,411 

which a pfcfipitftt# ef hyUrAlcd uinoyau*--**' *h>-inlc, — Mu* <,H } * •, wlirfi 

lr**t*»i wiih water, 

hf |wwimwjtee»te with «mljrhlte oml wa*hmg 

t$i# fH*pfpft*ta by deMuttattaia obl*ln«4 a notable ot4lni«i«j mm'gmm®® «*fo’*4 

fkmpmMm til tbs mmm b&mwm M%C>| &m\ Untb—teotmly, 

* fVit rspt4 i*n4 Mimmt* 4*4wnfa*tfa*Mi of thi* kirnh nSvantnts 4* tatam of ttawe 

mothtaU of nhwnicHd which mm kimwn m * stittlyoUh and 

iwHiMtftt la mtwmrfog thu volomn of mriuMonnof known olmit^hmintrod ter lh«* r«>mpl»t« 
emtvar»ten «f n. ffivon Kuhftt*vw«. fWaih ifjfwtmg lha ihr«»r| a«#t |*r*ciw« liitAte.u, 
iu vthirh {HitAxiitmi to very m«»s t« \ » h»*4 ter t« 

Worts »•!! mudyUtwl jr 

Thn m«!ttaurt>roetlt» *4 **>h*c-4y And arr rh-ralto It foe-f vc f >r ifoOsTtiilfitej; 4 hr furnasim** 
of tmtm in mwctmniea, but in that rs»p ihn nrh-> .tea »t«* ma*; 010*4** r*f Wtjftk of |mlt« 
S«Mnl i W# Iti * nail of limn. Th* vrl** Uy t.f rhrrmr«| rhan^fw ofnlmSt#* * of 

%affct MMefhsr kfttS, la IW fir*4 U>*> v«4**alta» of rwA«HU*m« imw igugmftofta* of fb® 
m&mm which hmu oniorpl into chemical , la lfe« m^n^i j4a<8n, l\wm 

vdmMm mm. «nh hi ummUtm* timmm otmoonlUA of * * hm mnttm m. 
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C 2 H 2 0 o which in oxidising gives carbonic anhydride, whilst, with 
an oxccss of sulphuric acid, the potassium permanganate is converted 
into manganous sulphate, MnS0 4 , so that the ultimate oxidation 
will he expressed by the equation: 5C 8 1I 9 0 4 + 2MnK0 4 + 3H a S0 4 
«al0CO 3 d-K a SO 4 4* 2MnS0 4 4*SH a 0, The influence of the relative 
amount of sulphuric add is seen from the annexed table, which gives 
the measure of reaction p per 100 parts of potassium permanganate, 
taken four minutes after mixing, using n molecules of sulphuric acid, 
II a SO,„ per 2 K MnO< + 5C a H 8 0 4 

n» 2 4 6 8 12 18 22 

p »22 SO 51 63 77 86 n 

showing that in a given time (4 minutes) the oxidation is the more 
perfect the greater the amount of sulphuric acid taken for given amounts 
of KMn0 4 and OjjILjO,,, It is obvious also that the temperature and 
relative amount of every one of the acting and resulting substances 
should show its influence on the relative velocity of reaction ; Unis; for 
instance, direct experiment allowed the influence of the admixture 
of manganous sulphate. When a large proportion of oxalic add (108 
molecules) was taken to a large mass of water and to 2 molecules of 
permanganate 14 molecules of manganous sulphate were added, the 
quantity at of l ho potassium permanganate acted on (in percentages 
of tlm potassium permanganate taken) in t minutes (at 16°} was as 
follows : 

2 fi 8 li 14 44 47 53 61 68 

«a 0*2 12*1 18-7 25*1 31*3 CH-4 71*7 75 8 70-8 83-0 

These figures show that the rate of reaction —that is, the quantity of 
permanganate changed in one minuto- decreases proportionally to the 
decrease in Urn amount of unchanged potassium permanganate. At the 

ilifTmmt tneanhtfi In chemistry from what ilium in mwlmnira. Their only minmnn Urlnr 
is limn, If ill In' Um iurrrriiiml «»f limit mill <Ar Out rjtmnlily ft & gmh»Uui‘«t rlisiu^ml in 
tl»i» nimrr i»f liim\ lh»u llm fnt« li>m f»»r iU\tt Will rt\ r« -s* lit** rain ft Out 

rt'iU'Lit'tt. Tim imtuul i .tit. ItiMtui, n nun In )«* tli 1»\ IliHt i'Uit nml F.asmn, wu» 1 j«r« v»i«is»ly In 

them (Utf.u) l*y \VtUu4in) (wl m tuv« l!ti» rata *•( *»r m\c»s>i.iu p « f vm^nr 

in ita inlii |*Iuii«sf*), m rmlwlmulnisj* Urnt thira ily »*» j i 'j.-it t.-iial ta 

th« qinuility uf putaUtM'e* uOll urn hnn^ni ir that «/jt ►/£ — i 'i A -8), urh«*ti* l* in & 
dm Riant t*in*ffidpul of »u»l A Um ijiusihiy «4 a atih«Uvtr«i taken 

fur rental an at the moment wh*m f*-*u mu\ x ~ u that t», et Urn ta^mnittg *4 Mw 
experiment, from which Ui» lime I nrul quantity 9 »f attbeUitee ehouawl h 
On in Iteration thw jWMHnlmg ©qwntinn we nhUin logtfA/A <#J »kt f wber* k ta tt nvw 
mnntanl, if tvn Ukrt i»rtli»mry (ami tint natural I h>£*tilhsti* Hw#, knowing A, ** «m4 t, 
f«r **rt» h »«nn Ij» .»», «,»< ftml k, eml il prove* to W a constant quantit? Tima Unt lh« 
flgurm nt*<il in lh«> taal tar lh» rmrltan £KMm 0 4 * lent * 3 || ,s t, « HMn'io,, »l i;ny l>a 
e&kuJttU<4 Omt A — t* til I A ; fur rumjiln, f-»44, if- (In 4 (A - , tthcii.iTi ~~u nnd 

A » () ()U 4, (g« aha CH»j»tar XIV., N««ta li, nml tTiAj»tar XXVU , N»4«* ‘45 ta«). 
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commencement, about 2*0 per cent* of the salt taken was decomposed in 
the course of one minute, whilst after an hour the rate was about 
0*5 per cent. The tame phenomena are observed in every ease which 
has been investigated, and this branch of theoretical or physical 
ehembtry, now studied by many, 37 promises to explain the course of 
chemical transformations from a fresh point of view, which is closely 
allied to tho doctrine of affinity, because tho rate of reaction, without 
doubt, in connected with tlm magnitude of the affinities acting between 
the reacting substances. 

”■ *l lu< fi tstiju* )|. ^ jun !.. Uv n t, v.m't II, iff, < ) fWiil.l, 'Will !* !, Mi-ti >, huiUin, K.uio* 

V i! !t, MJJ-t ullii }ii |»;Vt> U j- jMiul.it* m ■ I * : 1 . * j;. lin*; il l* ( Kwn* 1 ; (■* f lit i **lt»’ 

|i.»i » * * . u rlly if r|j it4 M,l v t, i,ti.| iht fl f Jilt!: I-- V.ll 1 1 >>1 1 1 1 • . f °<M*i 

llr ltti Molls, I f •U«u Ur il I • rut* $’ il.f * Ou;i j<i v:n- •* • f the*!# M* ,1 < }i« sultry, 

ttills-rngh 1 uut »»•»»!», i«*ul Unit it » J,.juh t;l mIj.-uM J. ml t » \rn nuj - it.mt if mlU, 

»•»!*»:* Hilly Jit lvaj«H-,t t«» rhf im« ft] (nr V»n"l U**tf i-hnftit Uml 

tVus Until *if roMotlmi In r«*aliattii is tinUmuiiiu'] by Ui«t ntUmimtU **f cquid 

v§h«4ti#f ter the opposite mrnmm. 
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CHAPTEE XXH 

IRON, COBALT, AND NICKEL 

JUDGING from tW atomic weights, and the forms of the higher oxides 
of the elements already considered, it is easy to form an idea of 
the seven groups of the periodic system. Such are, for instance, the 
typical series Li, Be, B, C, 3ST, O, F, or the third series, Na, Mg, Al, Si, 
P, S, Cl. The seven usual types of oxides from JEt 2 0 to R 2 0 7 correspond 
with them (Chapter XV.) The position of the eighth group is quite 
separate, and is determined by the fact that, as we have already seen, 
in each group of metals having a greater atomic weight .than potassium 
a distinction ought to be ..made between the elements of the even and 
uneven seriesA.-. The series of even elements, commencing with a 
strikingly alkaline element (potassium, rubidium, caesium), together with 
the uneven series following it, and concluding with a haloid (chlorine,., 
bromine, iodine), forms a large period, the properties of whose members 
repeat themselves in other similar periods. The elements of the eighth 
group are situated between the elements of the even series and the ele- 
ments of the uneven series following them. And for this reason elements 
of the eighth group are found in the middle of each large period. The 
properties of the elements belonging to it, in many respects independent 
and striking, are shown with typical clearness in the case of iron, the- 
well-known representative of this group. 

Iron is one of those elements which are not only widely diffused in 
the crust of the earth, but also throughout the entire universe. Its 
oxides and their various compounds .are found in the most diverse 
portions of the earth's crust ; but here iron is always found combined 
with some other element. Iron is not found on the earth's surface in 
a free state, because it easily oxidises under the action of air. It is 
occasionally found in the native state in meteorites, or aerolites, which 
fall upon the earth. 

Meteoric iron is formed outside the earth. 1 Meteorites are fragments 
Which are carried round the sun in orbits, and fall upon the earth 

The composition of meteoric iron iB variable. It generally contains nickel, p)iP8* 
phorus, carbon, The eckxeiberaite ol meteoric atones contains Fo^NijP. 
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when coming Into’proximifcy with it during their motion In space, The 
meteoric Hunt, cm pausing through the upper parts of the atmosphere* 
and becoming incandescent from friction with the gases, produces that 
phenomenon which m familiar under the name of falling stars , 11 Such is 

* Uum«t§ anti the rings of Sfttam ought now to ha cimsltleml as cmimatlng of m 
Acemmi Indian of such motoorio comma particle*. Perhaps the part pluyml by these 
minute bmlies wodterud throughout npmni is much more important in the formation 
of tlm largest colon Li &1 huilitw than has hitherto him imtwinml, The investigation of 
Cum brunch of nwtrouomy, 4 tier to Heldapitrolli, has & bearing mi the whole of u&tur&4 
Science, 

Tim quontimi mi («• why dm iron in meteorites in in a free utute, whilut on earth 

It i * n» ti i,l »tt«‘ of I'utiihiimfinu. I»«m*h not tin:* tcml to i4mw (hut Urn condition nf our 
gh.’.o j vniy dilteroul f» , >u» (hut of dm rout? My iim.wrr to thin <(U«>.hoti has hoeii 
jUi>udy givm m Volume I. j». UVV, N*do f»V. It. in my opinion that imudo fho mith tln-ro 
to a muas Mmdar m n*mj ut *i«ii t«» temteot itru tlmt i >, « ■•ntumin^ rooky luutUr ami 

UicUHu* il’oU, prtilJy mrhciit (ted. In 'onolmdon, l rmiunh * it w *11 imf h» , oif pUeu 
tit add this following explanations. According to Urn tin -tv • f tin* * 1 * o f » < t o > r o n of pres. 
mt%m (m« my trmtiw, On iUimmetruuU Lriw/fin^, teVft, p,»g»v 4 in rt &*>] \ m an ad’mo* 
sphere of mixed gases* li follow* that iwoga&es, whose dou*ntma «ro 4 aiot ,f t , and whewsi 
(rehUivu tpuuitiltea of partial premutretf at a certain ilmUm n from tin* i out ro of gravity 
&ru h umi /# | , will, whim at a greater distance from the centre of nttia# tom, present $ 
•differ' lit ratio of their lumett * .r . a*, * that is, of their partial prevuife:, *■ whn h may tm 
found !</ (ho tnjUttlam *f|(log h log j *- I A log h | - log jT||. ff, for HisUtlo', Ilf 1 , 

ami h h j |that i» t'» nay, (ho imvem * urn equal at the tower height J lUOO. th* n when 
jb — ♦ lo the nmgmtwdu of will not be 1 U p r», the mass of a g«us at a htglmr lrv «4 wh.^j 
4 #uatiy ** t will not W &i|ual to iho ma&4 of a $,m wh*am doiniity m wi tho raan al 
& Uiw«r k»valh hut much gr*»ator—t*aim4y t lOtb^tHat Is, Iho Ughtwr will j.rtw 
4 ntuittaUi ovot a httavior <*uo at a higher Wv»b Thorofuro, when th« whole mass of thu 
iiarah was in a state of vapour, tha ouhalanroN having a mroalor vapour danaity ai-rtimu- 
laiwi atwmt ( 4 m cnotra ami lh»w«» with a h:H' 4 m?r va$wmr ihm»Hy at tlm t*urfa<-«. Amt m 
ibu vaiatvir dmmitina dopotid tm the atomic 1 ami moinvuhuf wc»)ght«, tlumw auhnt which 
tiavu aiHtttl atomic ami uioho nlar wmghta ought to havu a* » umulat* 4 at th*» ami 

ihusu with high atomic »m»t ii»»*l*n ul«.r weights, whirh ar« tho loa^t v,«lnlito ai»t tl»«» os«i»-h| 
4 u louttniisi*, at the c» litre. Thus it Wynnes apparent whv mh h light rlomsut^ 
liylroj-o it, » arhoit, mtio^cii, ox^goti, a* >4omi, ma^m aimo, ahtsnmtiim, tjjh> ou, ph ^j h* rua, 
•aiitphui ,« hb-viM'% |*>»laai. mm, cal* uuu, ami thc»r cmj iim-!i pi» 4 imioiit, nl, th*; --of.*t '0 
^.ml Urgoiv turn llu* earth's , mat. Th« ■*«* ii also n«.w u-u, h n o m th> utsi, .m p> 
atoilyoua pIcw®, ami thmafoio it mimt ha>»> *-ut< r«»4 mt*» lh«» «i>iitp'j»iin'U of th» oiril) 
^n 4 otliwr planets, but Wuuhl Imvo m vimmlat'ut at tho * * bo* au*» tho 4« nun \ of 
lU vafsiiir ia ^trUiuiy largo ami it easily rnmlsiwa Timm was al^i n»-ar tHn 

••ntr* nf Dm #M : ih, Imfe ml wuftletent to «utnbt«i« with |U» iron, Tim m a mm h 

Ughtet ptimiimlif %% il» wcbm* wfw® «n» at ih» pr»»wt tim«> 

find all «kli«4 ^umpwmmta am! «*v«m a mtmmuh ut fr*** osygna. This giv»s tlm 
pumihllifey not bitty of H%|4mnmg In with n*»tm*gorih lbm»rim th« f»r«- 

dmninatiea of psyffvn CKxnptmtitla tm Urn mrtmm of Urn earth* with tho iwiirrumn of 
vmo^uluiml iron m lha into no? of dm »»rth amt in t»« UNtritoa, htil »U#»* of umtor^tomhng 
why tho ili'tiaiiy of tlm wholn uartl* <uv«»f SJ i* fa? unmlvf than that of Mm l j *1 b< 4 J 
comi*oamg sla crust. And if all tho prm rdilig argument a amt ihr-oioa (f t it.-itamn 
iho ftupjMiaitioti that tlm «uu. earth, am! all tlm pi hi* 4s «**»*■ f ■rmo*t >4 an *4»n»sfil«iry 
hutmijpmHms mow, foritufrly o'linwi of vajmira ami gssos) ha •trna, It tuttsS tm mU 
milted tlmt Urn interior of tho earth ami niter pUimN c'onlanmnmtaUw (uii^s!4i«n4) imm 9 
which, bmmm t in «nly hui nt on tho surfor* m »or»4ite». Ami limn assuming that 
Muiitos wm feh« teiftimnto of plntmls which have mmnhlmi to |stor« *•« to mf 
4ariiJf oooUtii (ihli hM be* M4 to im fchv mm hy |»%i84g fnmt tb@ 
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the doctrine concerning meteorites, and therefore the fact of their 
containing rocky (siliceous) matter and metallic iron shows that outside 
the earth the elements and their aggregation arc in somo degree the 
eamo as upon tho oarth itself. 

The most widely diffused terrestrial compound of iron is iron 
bisulphide, FcS 2 , or iron pyrites . It occurs In formations of both 
aqueous and igneous origin, and sometimes in enormous masses. It ia 
a substance having a greyish-yellow colour, with a metallic lustre, and a 
specific gravity of 5*0 ; it crystallises in the regular system, 2 bia 

Tho oxides are tho principal ores used for producing metallic iron* 
Tho majority of the ores contain ferric oxide, Fe 2 0 3 , either in a 
free state or combined with water, or else in combination with ferrous 
oxide, FeO The species and varieties of iron ores are numerous and 
diverse. Ferric oxide in a separate form appears sometimes as crystals 
of tho rhombohedrie system, having a metallic lustre and greyish stool 
colour ; they are brittle, ami form a red powder, specific gravity about 
0*25. Ferric oxido in typo of oxidation and properties resembles 
alumina j it is, however, although with difficulty, soluble in acids oven 
when anhydrous, Tho crystalline oxido boars tho name of specular 
iron ore , but ferric oxido most often occurs in a non-cry stall ine form, 
in masses having a rod fracture, and is then known as red lurmatite „ 
In this farm, however, it is rat Iter a rare ore, and is principally found 
in veins. Tho hydrates of ferric oxido, ferric hydroxides, 3 are most 


of aerolitutt), it (ft readily understood why they should bo cnuiptwri of mehUlto 
iron, amt lhl« would ttxplam its actum’ tiro In tins dopthi «f tho earth, which w® 
assumed as tho basis of our theory of tho formation of naphtha (Chapter VIII., Noki 
67 - 60 ), 

Sl,, » Immense dopoirits of iron pyrites am known In various part® of Russia, On the 
river Msta, near Borovlul, thouaanda of Urns art yearly collected from tho detritus of 
the neighbouring meka. In tht GovammanU of Toula, Riaaan, and in tho Permit* district 
eontintrotia lsyor» of pyrites occur among tho coni seam*. Very thick M?i of pyritea 
are also known in many pnrta of tho CaucaNua, But the dcponite of tho Grata are par* 
tieuluily viiwt, and have been worked for u long time. Amorig.t U»e?.o I will only indicate 
the depnnitw on the Hoyinoiu>ky entntn mar the Ktahh-im^ky wmkn; the KaMumky 
deposit’* near tho ViilmY bekky vv.nlni (« • •ntuining 1 -U pc. t’u); nil the banka of lha 
river Koudnnvl near Koindivt (n ft p e. Cu\, and the tb-p*«.,ita m ar the ll.^.tav&ky 
works (S-Rpr. Cu). Iron pyritea (e«ptT tally that rmttaimng copper whuh in extracted 
xffc« muding) I® now chiefly employed for roa&ling, n« a a*»urco »<{ HO* for tin? manufae* 
tur# of chamhur aulphurte and (Vul.l p. tttll), but the remaining aside of iron h ptr* 
laetty atiiUble for ftmelMug ink* pig iron, although it fflvea a imiphurmts p*§c iron (tb® 
sulphur may b« easily removed by rmb§§€|«*mt treatment, tvpecfally with the aid of 
ferm-mnnganeae In BeaeemerVi proroM). The gmat technical Importance of iron pyrites 
lc**U to »t *j enmetim«m h#fng Imported from great dtetaneea; for Inatanre, into England 
from Hpatn. Iteaides which, when heated in cteaed retort* PefSj gln» aulphur, and {/ 
allowed to (iKitliw in damp air, green vitriol, FcBO,, 

® The hydrated farm oxide ia found in nature in a dual form It ia eomewhat rarely 
met with In tho form of a crystalline* mineral called whoun ajansifk gravity It #*4 
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often found in aqueous or gtratifkft formations, and are knofvn m 
brmm h mm dim ; they gone rally have a brown colour, formayeliowbh* 
brown powder, and have no metallic lustre but an earthy appearance, 
They easily ditto] vo in acids and clifTube through other formations, espe- 
cially clays (for instance, ochre) j they sometimes occur in reniform and 
similar manual* evidently of aqueous origin, Such are, for instance, 
the so-called bog or lake and "'peat ores found at the bottom of marshes 
and lakes, and also under and in peat beds* This ore is formed from 
water’ containing ferrous carbonate in solution, which, after absorbing 
oxygen, deposits ferric hydroxide. In rivers and springs, iron is found 
in solution m ferrous carbonate through the agency of carbonic 
acid : hence the existence of chalybeate springs containing KeC?t) v 
This ferrous carbonate, or mW'-Wfe, is either found an a nou eryntallino 
product of evidently aqueous origin, or as a crystalline npar called 
spathic iron am The reniform deposits of the funner are mmt re- 
markable ; they are called sphtinwsdoritoii, and soinotimos form -wholn 
strata in the junuwlo and carboniferous formations J/ttynttia 
iron ere, *w>< sa FcChFe/bi, in virtue of in* purity and practical 
UHoa, i» a very important ore; it is a compound of tlm fernuri and 
ferric oudei, is naturally magnetic, Inn a Hpccifio gravity of * % cl, 
cry. 4 nl linen in well formed rvyntula of the regular system, in with ditto- 
4mlty Aulublu in acuta, and somutimes forms miormous inaniea, m, for 
(natanco, Mount illagmkt in tlm lira!,. However, in xwml caws— dor 
inutanee, at Knnuik-Mt«gUa ( t«* the north of Iterdmunk at id Nogai^ka, 
near theSeauf Azov), or at Krivoi lteg(to the wext of Kkaferino-da' )— 
the magnetic iron ore ia mixed with other iron urea. In the Pmta, the 
Pit u cat. us (wit Ijutit meet toning Siberia), nhd in the district;} adjoining the 
basin of (he Hen, lltrem* jmimhv.mvi the richest iren ore i m tlm wnrld. 
To the ■.•♦uth of Mio-iiw, in the (bn eminent .•» of T«mta and Nijut- 
imvgored, m the Ulm,* te dittiet, and in the Om\ eminent « f Piinltaky 
(near Ziuoviell in the dtatrht »*f Kroin .l)), end in many other place#, 
there are likewise abundant supplies of iron ore-n atuftngnt the dejnehted 
aqureui formations ; the siderite of Orluttsky, for instancy is di«- 
tinguishad by its groat purity,* 

&iul coin po*U tan Fc,}-H|C> 4 , **r l«, one *if es»4#» «4 ir»n in r4 

m W*«m i renal* *i«>, IWmi*^ « if»«# <»f 

nanf»*oii itrjv*»iu mnliOtiJiiji 2l*V 4 fte3lI # O»—0wi is, having a t\» 4 ll, : o, In 

teg m»»s uimi niter ttiimUr mi’* tM* ns*«sj| f«n*t a multm* »4 ft I* * -» to 1* ti,. ,.*,40 

WttU ti»y uiul other impulsin' Th*’ «p*>t *te j;r*wt)* <4 -‘•mil {• a«a i« iat>4jf «& 3 tej|fc 

m 4 0. 

* Tina $?*?$ «4 mm, *i»mte»ly l«» nil » *t* ** t* 4 fr m vr ei* «sjj 4 4*>|w4til«„ an» 

W^rkinl tteeanling U muting prat in *. t*y iwah* *4 >« tu *»r te*?hf»4 
fete ft® wkteh fm&h aud |.wn«fltatu ll»»* nma and ®UaIa nmilaonng lh«* **r« 

The raws af srs i# mw4 W ih* j tts«a »iihpr hjp imt4 yr pk to 
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Iron is also found in tho form of various other compounds — for 
instance, in certain silicates, and also in some phosphates ; but these 
forms are comparatively rare in nature in a pure state, and have not 
tho industrial importance of those natural compounds of iron pre- 
viously mentioned. In small quantities iron enters into tho composi- 
tion of every kind of soil and all rocky formations. As ferrous oxide, 
FeO, is isomorphous with magnesia, and forrio oxide, Fo a O a , with 
alumina, isomorphous substitution in possible here, and hence minerals 
are not unfrequently found in which tho quantity of irop varies con- 
siderably ; such, for instance, are pyroxene, amphiboli, certain varieties 
of mica, &c. Although much iron oxide is deleterious to the growth of 
vegetation, stiU plants do not flourish without iron j it enters m m 
indispensable component into the composition of all higher organisms $ 
Sn the ash of plants we always And more or loss of its compounds. It 
also occurs in blood, and forms one of tho colouring matters in it ; 
100 parts of tho blood of tho highest organisms contain about 0*05 of iron. 

The reduction of tho ores of iron into metallic iron Is in prin- 
ciple very simple, because when the oxides of iron are strongly heated 
with charcoal, hydrogen, carbonic oxide, and other reducing agents,* 1 
they easily give metallic iron. But the matter In rendered more 

Sptxsiid aorWh^ apparatus (gvnoraDv acting with water to wash Uut ore), awl i§ tutijorUd 
to roasting ami othor Lnmtiueut. lu cnory cam tho oro eoutama {nreitfii matter. In ih@ 
GWtnvaUtui of iron, which to oiut of tho choapnut nictate, Urn dragging of tin ur» ta in most 
caseii unpivdltahte, and only orm rich in ar** wnrk®d~»uaftitdy, ihmui oniilaitiiiig at 

leant SO p.e. U i« often proflUhlo to Imtmpurl wry rich and pur« «irr»» (with as moth as 
VO p.e. of iron) from Inn# Uinta now. Tho details miKaming Um wnslmtu; and o sir actum 
Of mutate will l»e found In apoaia! troAtimia on metallurgy and uittiitig. 

a Tho mluttUon of iron oxidoa by hydrogen Wong* to the onlsr of revondhte r#* 
actions (Chapter XL), and k therefor* determined by a toll whioh it h#r« atprataad 
by tho nttalmntnt of Um mxm proasura m in Uut coo* wlmre hy4rog*(t mU on mm 
oxldat, and a# Hi tho mo wb*r« (at Um mm ttwp#r&ittr#) water m thmmpmtd by 
msk&lto iron . The c&tosl Attest rtterring to thte mutter tw tmd® by H«i Wnt^Ctelr® 
Davllte (I8T0). Spongy Iron wm planed to a lute having a temptralsm f, otm mA of 
whteh wo# wmmM with a voanil containing water at cr (vaputir Unnten ■* 4*S mm.) 
and tho othor am! with a moron ry pump and prvMura which tlntormiiual Um 

limiting tenatoji attained l<y tho dry hydn$t>n y {*uhlraciin$i th« tenaom **f tho water 
^&|«*ur from tin* tension otaorvrd) A ttd*t» way Ihon taken i-* 4 »tatnm*| an »tc***» t-f tr*»B 
rondo. It was filled with hydr.^on, and tho tamm»n y, iib#«r%'c4 i4 tte# ftmduol hydrug«n 
whan Um water was ci*u«lvit»p4 at o’. 

t «» *mr' ub :> mr mur 

pM'll gft a lire § t turn. 

p t m -» It- a t'4«flk 

•Hi© tqo«Ulf of ttes {tewakrn) of th® bfhtmm in Um two moss f« tritel Tfc§ 

hydrojfon h»m foliavaa tfka ttw vapour of km m of ste 

fly taking forrte mUm t Kohmut Ifeal Al iW* U pw***4 inlo 

«HA£ft#»tie undo, al #00* Into FoO, «n4 al »«!•> M»«t a!U« iron. 

"Wright and Luff (IH7H), white! Iftm va4oeU«to *4 uthteft. teu«d th*t tt# 

itiaparatw© of on ih® «sw4alk*& of »«i4« uk«u-^tof i&ftot# 
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difficult by the fact that the iron does not melt at the heat dwloptd 
by the combustion of tho chamvfd, and therefore it do#i not aepamte 
from those mechanically mixed impurities which am found in the iron 
ore. This is obviated by the following very remarkable property of 
iron : at a high iMiq>oraiure it m capable of combining with a unroll 
quantity (from 2 to 5 p.c ) of carbon* and then forms cast iron, which 
easily rndts in the heat developed by the com bullion of chare* ml in air. 
For this reason metallic* iron m not obtained directly from the ore* but 
is only formed after tho further treatment of the cant iron t the flr*t 
product extracted from tho oro lieing awt iron. The fused tiuuut din* 
poses il.se 'If in the furnace helmv tho alng.- that is, t>i<% impurities of tho 
ore fused by tine heat of the furnace. If these impurities did not fuao 
they would block up the furnace in which tin' ore w as being mu el led, 
and tho continuous mmdtin# of tho cast tom would not \m poadble ;* 
it would bo nooomiy periodically to cool th« furnaeo and boat It up 
again* which nmni a wattoful expenditure of fuel, and fatmet in tto 
production of caat iron, tho object In view i® to obtain all tho earthy 
impurities of tho ore in tho shape of a fiwx! nroitft or ikg. Only 
in rare eases dona tho ore itwlf form a mam which fu»ea at tho 
tom pern turn employed, and these cases are objectionable if much tout 
oxide is carried away in the slag* The impurititro of the ore# mm% 
often consist of certain mixturtro~~for Instance, a mixture of cky and 
sand, or a mixture of limestone and clay, or quarts, tie. Theufi 

pradpitnUnl f«rlft oxide is rediurod by hydre$f#« at aft'*, that ohUit»»«l by m visaing l\m 
metal or from its intruUt at 17$**; (M wton i-ltor rvn*liie*w» «r«« tie* tetm* tto i^-to tot* 
by carhenio osi»le tHtmtimmrsi editor thmi ttmf. by by4n*gri*, »e-l tto - *.»-u by 
hydrogen still earlmr than thui by ■ lurroAl , I* | the !» U r-f!*-.. s*-..| *-4h f.;«e4<ef 

fiu'ilily a re'itb'r «|UfUituy of h*>ai is no 4% r4 •ttinog ih*» ?*•■«« *..• >u 
ol)Uiu<‘il by touting bronni i>u!i>tobt t<* a n«J toat togm* l*< to r.- hi, rJ by r*rto»l# 
OXidn rvt Vinvl bv h>*li«-g<’U *U v*»-n \ bv * lint» .-*■»! at $M* , whtbl ft *• i»Ap t 

the U»miK»rAtur«'s an* tteu vs >*u ut*.l 4r-»» iraj*-. ttv«U 

® Tin* primitive of it**u tn*mito lm«» **••■*«* i*«n.|u« !»4 by 

emmn in hearito rambling amahs' n»«»*. A« *■! b| |h« +#Usm 

et Oai steam bmtor, w the el ltm» bi* riiiwjf. m4 lb# |>r»}«i«t»ei» ^n4 

WttdwumMm el ratphttrle mtel or tiro tmlnkmtMi aMoltinx 1 4 tnro, wry to4«Mkirt«l 
pmceiw b mmm pr^tabb m4 mmpM* m&m tW *4 lb# 

Wmimw Milloe, m far m posroibla, &t %\l *%*#*&* mmmnmA to tho ym*****im. Tbs# 
ooatimieaa m#tk4 of prodaotlroi k ttt# Art! vmmUUm for lb# fvuA«*M» 
on the largo seals of mswly all Tbi® «m!.W tiro mm m$ 

latour, simplifies th« HU|t#rvt»mo of tl»# r#a4»r» f-b« j«fs« 4 #?r| iiaif'srm. ft#» 
qucti Uy intrinlitctm a very great in tiro »»t«fnliiur# *4 at tb« »*m# y^s» 

prrotmtN th« nimj.ln uy ami |»>rlwl|Mit *4 an #qiubbrftl«4 nyatom IKm* itMoo* 
.faoturintf ulinulitto a r.*ntimi*>ua .-m?, #u,4 th# iu*«> »■! m4 

ttUphurio aoith wliuU liftVet lung mm u becom# «n» # (way to <m -aa ro 

^ r»f th#w tw«» iimiuif«ir|tir#» fele-wbl b*rm Om» of sm 

ftequamtaftfea wiUi all the eooWmponury itroilaod# of troth lr«rot o teto 

eJeal and wiwml^a point el y{«w. 
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impurities do not separate of themselves, or do not fuse. The difficulty 
of the industry lies in forming an casily-fusible slag, into which the 
whole of the foreign matter of the ore would pass and flow down to the 
bottom of the furnace above the heaviorcast iron. This is effected by 
mixing certain Jhtases with the ore and charcoal* A flux is a substance 
which, when mixed with the foreign matter of the oro, forms a fusible 
vitreous mass or slag. The flux used for silica is lixnestono with clay ; 
for limestone a definite quantity of silica is used, the best procedure 
having been arrived at by experiment and by long practice in iron 
smelting and other metallurgical processes* 7 

Thus the following materials have to be introduced into the furnace 
where the smelting of the iron ore is carried on : (1) the iron ore, 
composed of oxide of iron and foreign matter ; (2) the flux required to 
form a fusible slag with the foreign matter j (3) the carbon which ia 
necessary (a) for reducing, (b) for combining with the reduced iron 
to form cast iron, (r) principally for the purpose of combustion and 
the heat generated thereby, necessary not only for reducing the iron 
and transforming it into cast iron, but also for melting the slag, m well 
as the oast iron— and (4) the air necessary for the combustion of the 
charcoal. The air ia introduced after a preparatory heating in order to 
economise fuel and to obtain the highest temperature. The air is 
forced in under pressure by means of a social blast armngement. 
This permits of an exact regulation of the heat and rate of smelting. 
All those component parte necessary for the smelting of iron must La 
contained in a vertical, that Is, shaft furnace ^ which at the base must 
have a receptacle for the accumulation of tho slag and cast iron Conned, 
Sn order that the operation may proceed without interruption. The 
walls of such a furnace ought to be built of fireproof umterkk if it be 

f The wmpesltton of duf iutteWn far tow WMlUag mm% often ten 

following i M to M |Mt» BiC'L, d to W AlfO*, tbs rwft of the mmm eradslfaft of MgO, 
Cat), MaO, FeO, Thai tee most ftmlMe lUg (aeoordbig to the obMirvaUass «f 
Bmlntnan) emittomi tito alloy A1 8 0 3 ,4 Ca0,?8»O,, On altering tb» quantity «f ttixtftteai* 
ami ltmtJ, uml cmporia-tly of thn alkali# (which inefetwifl Sim fuatbihty} and <»(’ adieu 
(whirh ilorrmatia it), tlm tomiwiralur*’ «>f ftjamn olmn^rw with Lhtt rel&lioti tetvrtwu lh«* total 
quantity «*f ‘Oygrn awl that to Urn snlua. Klaga «4 Urn i»*i«iMn»itHm| lit arn c*aw)y 

fudlite, havu a, vittwiita »iq*«*uraurt», «tml aw very common. Mamin dagga ^ h lh« 
orniiptHUinm SHU,Mi(> 3 . limir**, knowing Ihw ©*4nj* totem anti quantity *4 the 
matter in to® or», it ia at nn®*» ««&»$• to tool th« quantity and quality of thu flux wbwh 
moot h« wltod to term a tuitobte ala*. Tb« mm4u^ of tom te mmdmmd mmm wmfdeK 
ty Um test test the §fi§», ®lO tl wto«?h mnUm teto ilm »S«g mA Aiumm i* t&fmbto «f 
teg a dag with the Iran oxide*. tm enter that th« tonal qmm&f of tew m&f j mm *«to 
thw dag, It in fer It to to* ralw»d fe#to» tto® tamgmtttMft I# slloteod at wtoah 

th« da*?n nrw formed tobotti \&m% mhkk te offeotod by rodwHttg Ihofrocmtok with .tear* 
coat iianlf, tmi wall corbettm oxfd*. Wmm this It will to* mdervtoad h«*w tha <*t 

ten whole treatment tmj be jtidstd hf Ihe pre$*rt»«i* of the *U|t«- IteUUe nf UiM 
tempt Jested mid weU*etudi«d eubjeel wiU be tousai to work* cm mttellmrgy. 
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designed to tor?© for thooontinuous production of cast iron by cfurglng 
the ore, fuel, and (lux: into the nmuth of the furnace, forcing a blast of 
air into the lower part, and running out the mrdten mm and akg from 
below, The whole opemtiun in conducted in furnace* known cui ldm$ 
furnace », The annexed illustration, fig, 9l\ (which fa taken by kind 
permission from Thorpe's Dictionary of Applied Chemistry), represent* 
th^ vortical section of such a furnace. These furnace* are generally 
of large dimensiont"—' varying from 50 to 90 feet in height. They am 
sometimes built against rising ground in order to afford cany accom to 
Urn top whore the ore, flux, and charcoal or coke tiro charged.* 

8 Tim imctmu «»f & htsmt ftiriwo ia rt')«rfw>nt«>tl hy tvo» tnui<'<it#4 iwum pmunltti tlmif 
bium*, t!u* tij'jHif »■« <im l.<n r :<>r than Mm l>'W«»r um* , Mm tmir-r « "'a* t« riMmat**! hy 

Mm hrnrth. »*i uhi»i«t rt!ih4tnal tsiulv In vtlurh tl»«» fat! it* 1 ?! nii4 i4.»»{ « v «4hnt, rtu© 

IUiIp twins pemnUM wiM» f.*i «hat»iuK i4f Mm iron an4 pin,*. Tin* «nr Mnttfl 

ilik* the MmI fimiac# Mai-uph pj*#. ml a, mtusvt^l «•*«>! Mm hfftMh, Miuttn in Mis 
ftmitmin. Th# Mt |tr*wkm»ly {»*«*** through a of east ir«*u pi)***, hr*f»4 Uy Mm 

©rnnhutsimn «»l Mm tyirWtuw from tW fJpjw |*rt« i»f lh«* when 

it l $ fwrriv^it m in & * The hlssml ftimaasi etmtittacmiily up tit it t» w«*ra 

mil ; feh» Iron in Ispjwt tiff twi##.* tUy, amt Mm far«ift<*» is nihiwntS t*» r«4 a htU«» from 
Warn W time so tut 1 * 0 ! U1 W spoill hy Mm itiofM^it^ hv*t< wul u* pimM® ft h« wtlhwtM>4 

km# UHUgfi. 

Mltmt. fu rimer a worked with t'h»r. >^1 ftml urn rrnl ini lush, »m 4 m tfuimrat join a 
ttttmllur yirhl than Mmw* u$ifs£ r»4us, Um lattrV «« **• tkr»A vnth hvAVmt » hftY£«Ht 

time liman m whnh i ns mnj 4«>y*»4 f-k.i jwhlyu.eeut.iHi, amt «nr*>T *4 |*»if 

iron $ ymf. In Mm Uiul«>«l Huu#* Mmro m*» 14**1 so ttmlro* hi^ii, ami ujtwaeU 

ef sotitmhtc m®tfpsirAjwsty»ymhhes natmu>h«M< lltiheou t * h*« *4 ln*u,r*si|iiirmg a 14»®fe 

el aheat 7W ruhk» fnvtrM c4 air j»af mUtuU* h«at»4 U*' C4Ki“, ami KenauminK aUiut u $$ 
pirl id e*»k» jw*r i |mri of iron prmlttwh At Mm j»r»*^nt lew Mm wurlil j»rr#»hm»4 m 
inui-h BU miUhm tenia »4 pig mat a yisar, aU*wt »4 wlm U ia rmerurnul iuh« wr»»u^ht 
ir«*« wul ut#f4. Tim rhmf {*rtwittr®f« *r# Mm thnl«4 SHatna lal-mt 1*» tmlh n t.-n» si ^-ar) 
ami K i^Umi S trtitlmn h*im a jf#ari, U«a»m yu-Ma «l^-ut t| n«.n. u i -s>e n j*-ar, 

Th*‘ w *rhl'n pr»s)urtit>ii »!« nM**4 4mmjf the l»at nn ypnr«« «u. I m t is a « teaj sn« t th# 
Ihnlml Hloit* » have s tUnm all »>tl»en Mtiistnra * f { | , s ^ m» s* «.«« * i pr- »ln« lt»<a 

tieml h*> !,.i>t,»>4 f*i*- n« th« tin 1 * 43^4 > hums *4 S*r ii-*n «si4 nte*4 t r |»« tj- •<»««», f»»f 

utriji tm«-a 11 '4j|wi >s«!lv chip hiuhlsst^' 1 , «i«.) tn M**s f.u l M»at {.si llu» ».»at >4 it<>n has 
falls 11 , thisnka p* !!»«•' »>r* » *4 !«r r '.» tut im> . a «ti4 a fuih--r *ln4y .4 t!i«s j.». .. raws lakmg 

|4»#*j in llmm. ai»4 *^J that .4 n n . iji atilj hw-ns «»n4 j-h-»ph»«n5s«-| #«it 

lUiw l# erlssst mt>< a h<>(us^«ifr..utt 

tfl hi tp«r# Mn*e»w^hty ftravp thmsme dii pts»*masj *»h,» h |4a* «r- n» hja®! 

larnaftts, It 4» k* f*4h»« IH» r««i« *«f M*«» mat«*’»«l **» at lh» l-*p ai»4 »4 

Ttia s4f pmUng Mwmgii Mm fmrmm, ¥mm SC U* 90 a j Mrt« *4 ^rUm mp #t|wmtr4 .-n |n0 
pMis of Iron, Tim or»» Hn« f m$> mm uii*» Mm k«p *4 Mm lun>«««, m 

lAytrm* m ttm <»i4 irooi# feroml in Um Ummf $mrk» mnl il««m tn Ik# huU«»t 

tli© wHi4# eentnnti «f Mm furo^;^ k* »uh»ni#, Miu« iutmeng an #i«piy #jmr# at 
ttm tnj*, wlnrh ia ftjjnin SU#4 up with tlm nh#r# irmni#»f8**4 iuutur» fhirititj it* tUmu* 
ward rmir*m th*« lumtur# hi Mtihjori#*! k» ittrr#a*itii; hrat Tie* rum i f ti-isjj-rfatnf# 
6m t tlrivp* «-ff th« imnutur# i*f Mm «»?# imalwre, »^4 lh*m t*-*4* L< t!i« f .fa,, a!, -a* ,»f 
Mm prialiirta tif th« 4iy ftmLiltatinn «4 r«*at »’f chau.nM IuIMm If hU*t« ll.«> Bvsti»4»p|| 
tBUtti fttUUim a ioii}«*|al»Hn at »hn h th» im*l«-4 r «ih*u* rea«t» v« sth thus as hi t.ii t*phy«lt i4s 
pMiiig upwiurttsi lh»* fisrimr*? wml tituissft>rm» it i«l*» » a»h tsielp Thm is 

Mm fis&smi why cwrlrnttii? stihy4r<4# m m<t H9%.4ifp*l fr»»m tii# intuit », i*#ii «mly rarh-»mls 
c«i4#. As r^w4s Mm on «*« Um^ hp*u«t t»* «W«ui fdar u w a «« f «*4n^il «t 
th© § «rf Um rmki# mmmdum Um fttmsm#, »«»4 h»tm»4 hy Mm nasuci *4 
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The cast iron formed in blast furnaces is not always of the same 
quality. When slowly cooled it is soft, has a grey colour, and is not. 

tho carbonic anhydride with the, incandescent charcoal, so that the reduction in the blast 
furnace is without doubt brought about by the formation and decomposition of carbonio 
oxide and not by carbon itself — thus, Foa 03 + 8 CO®sPo 3 -h 8 CO<j, Tho reduced iron, on 
further subsidence and contact with carbon, forms cast iron, which flows to the bottom 
ol the furnace. In those lower layers, wlioro tho temporaturo is highest (about 1,800°), 



FtO, pa.—YwrtkM wrt|r»n nf ft im«lrm ('Uivr|tin«l t'lftert furusu'ft mimMi- »*r }ir«»ltirtuff tn 1 ,o»iO ttm» 
of ply (run wwkly. Tlir phOmt fftnliiy U «<f rlvnt^J (r<iu ijJaira, 1 1 »«' ftirnw*e t'dtitf Hurd wUti re» 
fmitory flrwUrh'*. H la rl.wl at, tl»n top 1»v a *rnp m»i mur * rerftiijjnurnl, l*y turana »*t whtoh 
ih® charge eon tm ft* l Into Uw furnace »t tmiubl® Intrrvnta hy lowering tlwt mu viable 

th© foreign math* of tho ort finally forms vlag, which tdm if fttaibk, with fehft aid of 
flusoa Tho air bhms i» from Mow, through tho §OHmll#d iuy&rm, Moowiluni wka 
In tho tower layws of furooeo, and homo it, emwtiag it into carbonic anhydride 
It lu evident that this dtmdojwj the highest tompentar* is Umm lower layers of Urn 
furnace, because Hero the oombwtion of th§ carbon la ©fleeted Viy healod arid compreataed 
air. Thi# is very MiamtiiU, for it if by virtue of thin high temperature that the 
procotB of forming th© akg and of forming and fusing the emit iron are effected 
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eompletely soluble in iwsklg. When treated with «*cida a rwridae of 
graphite remain* ; it, in known m grty or unit eiwi iron, Th» it tb«* 
general form of the ordinary vml iron umhI for canting varumn object*, 
bocAUso in this at&to it its not m brittle as in the tth&po of » rhit* emi 
iron , which dmn» not Imvo particles of graphite when cliwKtlvfei, hut 
yields Ua ciurlxm in the form of hydrocarbon*. Thin white ejwt iron 
in oimmoteriMnl by iu whiimfogrey colour, dull luatn\ the crystalline 
•truoturo of it* fracture (more hotnoKeneou* than that of grey iron), and 
such h&nlnnpi that a file will hardly out it* When white vmi iron U 
produce! (from manganem* nfe) ni high temperatures (ami w ith an ot* 
cvnn of lime), and containing little mtlphur and silica but a mmddorablo 
amount of carbon (on much m 5 p c ), it ac«|niren a oo*me crystalline 
atruHum winch iurroajM>n in proportion to the amount of xuanganem*, 
ami it U then known under the xumo of * apicgckiwn ' (and *fem*« 
*).* 

In lha*» hmm $wttet»n t4 tl» turmm, Tfe® eartanfe miti, tanftwi in 
tkiNM fmrt# tlm® Hiffbar* mmunl&m in«NMi4»acMit wurhon, and forma with it imtlmtm 
This* heat#*) tmXmtm ml4«* urt* m t rr4«i*4«if Afgwttl <*» th«* iron or®, &tt4 b r^* 
<wtv#rW4 by it Into r*ri**nte «mby4rhte ; thin $?«» in wot# with fn*>r« pattern, «nA 
Uittm aatlmuk i>xhte t whteh w-i® p» a rtHterititf p^#mt, Th« fluid tr«u(t«h»rtUttUnu 
t4 iU** ratl*»»fU 0 #mh$'4mi« late CMhoaft tanl** i® «4!»te4 iu j«a,ri» *4 ih» fur «***■«* 

what* kite 9 rwdwatUni of Um fMkUm of mm ttewi iw4 taka triam, h»twh»r#» kb# tem§»rfttew‘ 
In «ut) high «*»#$ te mdmm t$» wte«is mtiM. Tfe# mi* tar# *4 

MrtKmki mXM mml ftlteepn, 00^ ##,* tt thaw witfedfiuni thrcwgti apaeiat Ut«r*l 
a$»rter#i fom*l i« tba wppw wW parte «f the tnmmm w*U*, md it mmimtml fchwn^h 
jpr|p#« te the## uteri* wtitah w^p wp?1 tm ttw air, a*4 ai«*» inlk> nther 

fwntaaMi vmA ter ilm fmrtht? pfmmmm <4 t mm maafttaotwik Tt*» fwol ««f M#»t ftirnAMi 
acm«i*ta of woe4 aharanal (Ik4« i« Um ntoal •*|w , n»iva maimriat, t>ui th«* j-*^ «*••?« 
dm^l i« ilia bac«UMi ctwr«mt dm* roflkin anf atifidmi, wh»ln ■=, •!>>» 

MnUir»pite ftet ijwbiiw, m and in limma at ik»Un»h^n* m ilw* 

fliatrkdh rah**, emi, wet mm\ w«h| wei Ife rms»t l» h'fiw jn mm4 lt»#l tha 

i»f tm|4*ih«v amt iui|4iitia f*4wfe# vary |vr*4lUt«k ta*nlt# 

ia rntdaUwrgKttl 

Ti*» |»rr»**i»*a jtmt tl«s#pf»t***4 in M'timifmdwd by ft wm\m «4 nlttef ponyc^mm. Thus, for 
iwlw»c» # in Itm bl«ft a rmfi*i*ter*Vdn «4 ryanr*|?«n» r«»nip*un44 ©r» f**ne®4. 

Tfek take* |4 im?4s th» <4 lh« air \4m%. r^.nw« inn* tus«wi <wuh 

catkw awl vmfUnm vdk&Um ttmlkr# In tb© patter #4 lh*» *mm.. 

A quantity of pMmlwm ayawlda k b#rm#»l wton mml rhuml t*» 

ter ira wtHiai, WJ it# im rkh in pM-mh. 

9 Tha i^aeifti pcartty erf white raat iron i« «Jb«ut7 'ft. Otwy m»t inm km a twaati fe**f 
§p4Md$fet gmtiXft f 'ft 0r»y «»t torn gwnmlly *»mtetw« hm &n4 

»w rillca than white | bet both twite* u from tt tu i i*c, pf v-mUm, Th® Mmmwm 
hatw^pa tt*n vwletftt of raw*! iron 4p|^nd# *»u th<* c*<nd«n*»n <4 th« r«rk*n 
tmUn* iub» th«i «»f Uiu lr«m. In wlnt» r*«t ion* IU* c«ktt»«u is in k--.mbjfss»ts®a 

with the ir*>n- iu nil |if»4*abi|*ty, aa tli«» r>>nU'<untt t’J*®* fAb®! «u*4 U»m<>n4 *,lh#fa 
tJwa *S4 su»j,n«uu 4 ( wte*4« r#l]®4 *r-a»b*4p t * fr»»m ttte®), 

^bteh iteadii te uruumcMtcsl whit® cast ir»»*» 4,!®® i #*!??»*}, but $a»fb»p« in tti# 

efift IMtllilte rswmjfeuuwd % wnteiiim. tsi «ny tip# Itim «»f 

ttoftlutt te white Kaat irmn i« rhn?*mraliy rnt f anatebte, bm^wm t»hm« &!-u^4f 

tmU4 It with mp&mMiim id )nnt m a wtaftpaw wIm atewly «#«te4 
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Cast iron is a material which is either suitable for direct application 
for casting in moulds or olso for working up into wrought iron and 
eteel. Tho latter principally differ from cast iron in their containing 
less carbon — thus, steel contains from 1 p.c. to 0*5 p.c. of carbon and 
far loss silicon and manganese than cast iron ; wrought iron does 
not generally contain more than 0*25 p.c. of carbon and not more than 
0*25 p.c. of the other impuritios. Thus tho essence of the working up 
of cast iron into stool and wrought iron consists in tho removal of tbo 
greater part of tho carbon and other elements, 8, P, Mn, Si, &o. This 
is effected by moans of oxidation, because tho oxygen of the atmosphere, 
oxidising tho iron at a high temperature, forms solid oxides with it ; 
and the latter, coming into contact with the carbon contained in the 
cast iron, are deoxidised, forming wrought iron and carbonio oxide, 
wliioh is evolved from the mass in a gaseous form. It is evident that 
tho oxidation must bo carried on with a molten mass in a state of 
agitation, so that tho oxygon of tho air may bo brought into contaot 
with tho whole mass of carbon contained in tho cast iron, or clso the 
operation is oObctod by moans of tho addition of oxygen compounds 
of iron (oxides, ores, as in Martin’s process). Cast iron molts much 
more easily . than wrought iron and steel, and, therefore, as tho carbon 
separates, tho mass in the fumaeo (in puddling) or hearth (in the 
blooihory process) becomes more and more solid ; .moreover the degrcoof 
hardness forms, to a certain extent, a measure of tho amount, of carbon 
separated, and tho operation may terminate either in the formation of 
stool or wrought iron. 10 In any coho, the iron used f«»r industrial pur- 

■yield© a portion o( tho aubatancc diamdved. The separation of carton in tho form of 
graphite on tho ootivaraicm of wlute aunt iron into grey is never complete, however ©lowly 
the separation Ins earriwl on; parts of tho carbon remains in combination with ih© 
Iron In tho ©am© ©tete in wliioh it exisdi in white omit iron. Honed when gray emit iron k 
treated with aeidu, the whole of the carbon doti not remain in the form of graphite, bat a, 
part of it is separated m hydrtmrbona, which pnmw tho ©xtetene® of ohotnbally-eomhinod 
carbon in groy eaat Iron. It ia suffloUmtte ro-melt greyest iron ami te cool it quickly to 
toontifnrm it into white cant iron. It is not carbon alone that influoncc* tin* proportion of 
etist iron ; when it eontainu a eoimidor&hlo amount of ©tilphur, cant iron remain© white 
even after having boon ©lowly nmlcd. Tho sumo it* olwnvtw] in nrot iron very tedi in 
■mautpuietm (8 to V p.o.), tuul in thin latter ctuw> tho frtu turn ro very diatimUy rryatallino 
luad brilliant. Whon mat iron contain© a largo amount of mangittivMc, tho quantity of 
carbon may ittaolm iutrotrood. Crystalline varieties of rant iron roll in nuutganoKo tiro in 
practice called terrommnganeeo (p. 8Hi), and era prepared for tho Itesawmer proccM. 
Grey ©a§t iron not having an uniform structure fa much mom liable te various changes 
than d#»&# and thoroughly uniform white east iron, tod tho latter o&idiawt much mote 
©lowly In air than tho termor. White cast iron k not only t*§#d ter eotivomlon Snfto wrought 
iron and steel, but ahm la them msm whom grmthardnaat in roquiml, although it bo ac- 
companied by a certain forittbmeM , ter initane#, ter making rolkro, |dough®iharot, &’«. 

,l> This ibrnct process of separating Um carbon from e-rnl iron k termed puddling. It 
la conducted in rovcrlmrotery fumee*. Tho cm i Iron m placed on Urn teal of fh# 
furnace and molted ; through a special aperture, ih© puddlcr ©tiro up the oxidising matt 
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po§e« con lulus impurities, CA#micfsffj/ fii« iron may Ha obtained by 
precipitating inm from & solution (a mixture of ferrous sulphate with 

of east mm, proving to mudm Into to tmAUm fam. Thfo m^nhhn hootMtog tlwgfe, 
tmd to prucotf* itilroduerd in Etigtwd to«tt» fcuuwtt m puddling. It I* Mdwt tot 
tU«f puddled mmn t or t»tom, ia a h»ter«*g»»«**n# Mtotatir* ntuiticxl h f mi King, 1*4 
boor* ot»« part of to ma«« will alttl bo rwU in carton. aantor will to pm»r, parte 
will contain oxide not rptlttood, A«. Tto farther IsmUmnl of to pn4dk-4 iimum eonftUta 
is humwff'isig and drawing it oat Into tot whkfc «m Xmmg h*snm«re«t toromit 

more hnmngenentw, and when tmvpr&l pW»» &?# w«d»k4 heritor and again h&ttttn#r«4 
out a *»tiil morn himmgwew# m**a it nhtakird. Ttogoahiy *4 th* 4***4 and fr«n thn§ 
formed ikjKiwlii prmrip&Hy on tlrnr uniformity, Tto want *4 nmhsfwHy 4#|*®*t*W »m 
Uu* oildprt remaining maid** Urn mass, and on tto vnrmbk thaUihnlhw of to* carton 
through* 'ill the nine*) In »•?«!*»* fo »dl*m a n?,»r«i h> *»-.■ «**' n«o»i» metal for 

luring ovfodrti r>ui if *afo*d, it *«* diawit i»*ta thm r«4® 4 ohfoh »r# ti»4 fog©itor in 
buodkw K!i«J I hen again tommr-fr»d t.ul A® an eiatnpfo «4 what may I m attain**) In this 
dimdmn, tmitats <m #ta*d may to nta-l; il r»m®;»ta *4 fwUtad and plaited 

Wir**, which k Ihw* hummer**! ini** a «!»»»* mas*. ltk*d •Utnaacimed tronte nfo#l 
Wmf to hf msdlinga mixture of to to# ftw *»tlH gfraphit* (jty) **4 tom ttt*t; 

tito arMo te than with msd, *a4 to rartoa iwaaiiM in ilm $mmn «4 a pattern J 

§t®#l m& wrought iron at* roan* f«* lured from <«#i mm hf peddling, Th«| 

IW, ot»tein #4 not tmly bf thi* m«lh <4 hni «d®-» hf lit* t*U**m*rtf prut *#^ which to mrfted 
mi in #i fkw «4mit«ir in ^ hlarkamiUt** f f*4 wsSh &n4 p«m>t«4 with <a tl«4| 

* pig of east ion* it gm4w®diy pushed lha ir# % jx-.fi^.ns *4 tl inrkt and ( 41 t*» tlui 
bottom *4 lh» Uaasih, rot*»«ng into r-*-t*i*rl wilH ail hU®l, and a?»3 Ihns ^8*<ll««d 

bh^JU ilttta (on»i*«| f» U»«tt and *&4 , ft i» ©%»'ksst that thift plm'ttiai to 

hv*lU 14» wtwn thw wm»I in Dm Hi* *4»»« n„i r^nUin any ptalt^p 

wlitdb edfihi te|n» th* q«4ny dl t hm mm m or ph^phorn* 

•mi (Mm mbf t**4 «hwwml nmf h«* um4 will* Uyipumty, from it idlow# 

fbil thte prm*m cm mdf h» nrri«4 on »Wi 4ft# i»Mifif*otor« *4 ir.<n «•*<* r^ndn«d«| 
#Hti ihfs te*l» C«4 w*4 m-ihm cootelit D*« *Wt»*w*i»ihMi*-l mni woolH 

fcfewfw pnMf«w« irm of * Milk n*!itr», wol ibiM it *o»k4 K* i* !(«»• 

k» pnddUni, llip foal ia fcnmt o« o »p*tt)al tnearlh, *r®|*a>sal» from Ihn 

boa, wh»»hf tit*# imporitte* of Uh*» tnA 4«i n*4 own tntn otmt-wei with tt Tim 
imaonfoeloni of oteol front r**i mm tn*f »l«»* I m o*-*ntlt»«W*l in firw t hot, t«i twldilhm t# 
thi», II is* fthw pmp&t®4 hf mmnf wdWr < hm *4 llt» I wttg kttotm 

i# eaJkd hf whirl* «t»4 la prw|w*d Wfuttghl mm hut \ not from «,«% 

ifwt- I-V*r this pri«!**#t *df ipa *4 irtm wt* r»4-h<-4 for * €»m%kA®mbl* t*m« whit# 

tomerwd In p»wtf«v«4 etwro#mt« dnemf Doa op*«*tt«in tli« trua mi lh« m%tm* mmMmrn 
Willi tit* wltie.il itowovof A*mm * «4tef (W If^n einps 90m 

M*fet|pol v nil &$U% 4 m# mmm t fvpgMtttog thi* pfmwi wwttt m »wl *4 llm 

HmMI to f HfeU to» mmUMmg th# ®4 TIni 

Mmmmm p^» mm^m to fir»t mmk ms^ to «t«w fteaw* mm ; to 

to»«JW ft«a ton** «| It* kmatei p«i« mM la rs#feii%i 
»t tom lute MKVifteM toW^g # tewi «f «t in»p*tolMi to, 
timimm* §4, «f tmmhim$ m toMalM fin. ototov t« to to 

t»#t tow a« 4 dbetoug* to «tol| # wid fof4^g m mmm of air simsi 

•to a p mmrnfk. CmuhmUmt of to twm aa4 m&hm at aa tfomt©*! ts^p#a» 

tew ton tehw ptoe», nwnltlng tnm to hnhhto# of o*yg»a iha« pon*ifato>g Urn e«w 
of to vm% lam, Ttm rarbott, tontvor, hum* to h grmkr *»t*«t than to i*»4 
tol^for# a tttiMtH li ohitU«n»4 whirh k mm;h pmnm in tfou} *ml kw* Am ttet 

ptmmM ¥mtf rapidly In to mm% of siwfid* thn fo»p#fmtnf« itwni te #«w?h m 
irtiiil mt m to Wrought iron wtolt taay te» Uitmml fm-mim in a taoitaa 
wfcto to teatt, fe#'l»g moiw fiwifefo thw* lit# tot, mm%Um wf kh|til4. tm 

bilf mi hmt to mam l« m 4 p. thm put*# pmM» «a«t inm m mm4 in to Umtmm 
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magnesium sulphate or ammonium cfiloride) by the prolonged action of 
& feeble galvanic current ; the iron may be then obtained as a dense 


process, because sulphur and phosphorus do not bum out like carbon, eiHoon, and 
manganese, 

The presence of manganese enables the sulphur to bo removod with the slag, and tho 
presence of Um© or magnesia, whioh ar© Introduced Into tho lining of tho converter. 



- i i #»*«« 

'FlO. 04.— Pester converter, etumteuctet r*f Iron plfuee and lined with gMdttter, Tin* nlr Is carried 
by the tuliw, U O, t> t« the tK*tluru,M t from whfeh It; pMmm by a number of beta Into tho eon* 
vurter, Tbe mmv^rter U rotated on th© trunnion d by at the rmk and ploitm H, wlirn 10 
Is required either te receive molten cast ium tram the m#Ut»g fumaoti or to pour out the steel 

facQiteten the removal of tho phMphnraa. This basfo Dtwwmer pro©®#®, or Tinman 
Gilchrist ‘proems, mtroduml ».l«mt list), enable ores coataining a oonsiderabl® amount 
*)f phtmphoroa, which had hilhtrte only been uml for ©ait iron, to be mini for making 
v might iron and sloe]. Naturally tho grealoat uniformity will bo obtained by ro-molting 
th** motel HUhiI is rtMunlted in email wind furnace®, in not ©xcmnling SO kilos ; 

a liquid motel iw funned, which may bo cant in moulds. A mixture of wrought and cast 
iron in often utuHl fur making rant atm) (tho addition vf a email wnmunt of motellio A 1 
Improves Um homogeneity of tho eastings, by fariht&tiug (lie pammgo of tho impurities 
into &kg). Largo a tool castings are made by eiinultenaoUM fusion in aoVoral furnaces and 
Wldbbm ; in thin way, Matings up to w> tons or mure, eueh m largo ordnance, may b# 
modi. This itmlfetn, and therefore h«rot«gmm»wi», feteel is tmllml east stml* Of Into jw» 
ih# Martini prmm to r th# ttmnutectore of «te»l hot mmo krgtly Sato on ; It waa 
invented in Pto*m» about lift), and with tho im of rtgonomtivt fwroa««# it onobloo large 
quontlUtHi of ©ait «te#l to ba mtd« at a Urn®, It k bmmX m tho milling of ooot iron with 
imn oxides and Iron ite#lfo«fer fatten®#, pur# ohm, mmp, Ao. Th#r# tho carbon of the 
cast iron and tlm oxygen of tho' oxid# term oorbonlo oxide, and tb§ carbon therefore 
harms uni, and thus r»l oUol te obtained from coot Iran, providing, naturally, that them 
U a requisite proportion and corresponding degree of hoot. Tho ad van teg© of this 


mtm* Thin ttwibcwl, by IVkitchor ntw 1 »p|4Mi hy Kli4n, gitt% 

m H. I** nr. «how«*l, iron amtiumrig traluttoi hydrogen, which u dft* 


pfiwia »d (ltd! fi'4 «*»«ty it** |!i« raffenf*, •ti»r«» 4 ftlwt mdS^dHr^., t*»ll nl*>t A fmtf |)| 

ibt> mtj'tnn sunt |4.-*aj*ti«>jnoi .4 Itw » *M ii**« burn **t»4 a? «H* c.«p*>*>«s *4 the nf tos 

lr» 4 t 1**mng lb« Iwl »W$4o lb« w*h«!w’l«tii *4 *WJ i!» few 

nulst* j-Ub>, g»n», Iwn5»r«, &*\, t*»« AMr#^*j«»4 K» «w p«.irra.iM« ntwii, thfttffc* te 

Ih* liifinU«» rHeaj* |«nw****»» few th» tnamifewi mr» »*l Jdfjje pi**«o nf 
e««| WwifSil irtsii ttuty aim few tii4k4« twit I)m Hwl *4 * Man! h»»*u> *» 

few Uii*. it wawity tn«4l* in tlw ntytetea*’* 1 ftsums* H m*y I »*» *4 -Urn**! in a 
«lat* 4l»erUy U> -m f**l ir»wi, »f lfe« 1*44** t*« »iU> «»»*•» it Min#4isp, 

C>>:i4i.|ninfet*> lh*n InW-a |’W<-> ll*w *»**« *4 «'d*l »»'•»>, W>4 lh«* la*npwrftlt|f«| 

ttm-a !••» e!«< h at* «»t*»isi lhal Otn w ?'•«*.*!«' »•*>» r*«w»*i»a l*‘i**4 A U»nU»*!»t ia tife4 

|it|.<»ttt fe-t w i « uiffel if. n ifex*. il-y ft* >«» M> h te** ifw fey ll**» *4 

«iVife> Ite Wi .i* ; M **••** ia lKc»» (• *1 ki *4 «« ft t*v«nwi I m hi, J» (.dm* at* «*«lWsi 4 

fetter few | in4.*4s fi wraiwsri, amt t»*i U frMtWl **p *i>4»» wp^tA »*h>ti *1 »te»l wiltef hf 
*“f bjf «t»a«a4*in*' In »n*.l4-»j* r S|»I 

$Uerff»4f I® tnnfw «w IfMfcft familiar will* to* m #W jptvjwfiw# *•/ »f*#J «tot 

mm* to* k f«nmfk*feW t«# Ik {4i*feifeif , »*»4 «m*U wtawtoity, wfellul 

whm\m§^ b* ehsmetwriftMl fey it* ef *n*t hAttow** If tl fen 

Mattel «#4A«f*ij i ftfitf feat hmm n fe?fss>|*»lv»iw 4 <«t, a* i* k fer««4. 

Util if Ifamjarfiadt #l#*l k» «i4 II M 

wtmtghl it*m t w*4 r*« ||«m* W w»lfe ilw m%4 $mu^h «®*4 m (g*cn«9*l mn I* 
tit maqma ***i| *h*|Ws, felt* W'tigM !»»'«. t» llw* *ntl aw-s#*«t«l*<!n if I® 

Tfe» fcv»n Wm|»f«st 4*.* iks! ifeea ialumi ylmm in * «lesiW w*f fei ill# 

tnu**i4ii*fi wtuld hi gtvf »»t ir«n. wfe#** h%# l»«U^0VRjb|fl 

\mim, «w*4 a tmm ^rnp^mm ilv^l n ® |»HA, tfe> 

i4h»w« ll« ffwialii# mlmm of «t.« »t«4sif. Tfc» ^<.M4lnU>y *4 l«nifa«Hng #4*4 
II fc« fNUHl ter making mil *f ^nl!I%g Ut«lviM«a**tta 1 h«n«i»*<i «fo«l 

«Mt fe» N|a4,i»nM4i 4m wn {w»*4»v f*4tnfi, f«t l«*yuve* 4 few tail®* hm,m. it© I, fitafe 

fta, «4 it muf rtwrw l» tom|)*t*4« *#*t j?«4i*Wf. Tfe* m«lM wv4 iawi*wt«H» 

pf *W»t ii# fe*r»ia»««a» foml fH*4 b» 

it»*i$«fTpi fe* fit# *t^m* *4 Iwr4»*» it* 4l^» ciuki*»**r tl k 

^4nmg\f hmtet (few fs|i fen #.MF| 4 «u»4 lH**» iofet wwlwr—fluil i«* 

Iliu4«tt«4 fef m|-H4 til b^^mm m hnU%# m g%m * I U k fe«w4«st Willi 

tmtimm * 4»fel*»4«) &*»%**&** *f*4 IlimStf w»4*4 4lli«f «» •fe'walf, 

When uletol i« h«sdW4 u |» 4«s %U*\ tl® amtde* mz^uirtm * y»!fet«r i&nr$Um\ 

mN; II feral »f 41 ti#*f»*wMWk ^ (fee }, «#*4 iMmm f-«t4.^4^»w4 1 Hwn 

il a fet^i|«r®4«fe «4 ®NJ“ n %mz^ww® fer«»**s | «*!*«»#* I* U**f» m4 4 thm tighl Wtu» *4 *&§* 

(fprfegtl* U*««i in4mn *1 filw'l* nt*4 «*w>. «.! Mw :> ffw*** mhmtik 

H» «n4f llm tMI» lif tiife ihn\ W» Ms# fenw «4 «m|t *«4 ftfefwag *m ito* «**«l 

ttmii m %hu% \mfm *t tMMfhni It mm m mmimm, titbit m$u f 

mm0 % %m»4h wwl I# in wmi mm tal Wnm m tt»# 

to fMfttiy fit febam f : ■# te ft, 

4i Hw I bmmtom «f II w# % bnc ti»> Mm to* 

mm Imcamife to tot mimMtto »kmmmk pmmmtm 

mmmk% fiimfe Cum toiw#4 tel Hit* imimafeilfeB mi to* li«l IW Hm 

wnwI hi te pwaw# iltemlk* whteh, fin te p«»»e» of te *4 film 

fermi mnlnlUn efmhtm » ihmw hvifeir w»hil4k» m 4 f*iNt>ln t fwrmMki te »f**ii # »s4# 
tip teif timxb*m fe» il* «rr« wss it*» pwt»fl4 few to fewanUfew* *4 «fe«l TMi 
k by tW tol tfeal vhaam^t willmai tUtfagfe* 

wk Ml fecnaMil tfOA. Til# rhm:rm\ f*w mmmMkm ml® bfetty wb#n mm4 mm 
feiMfe»M H bfet felluli. Th* very tr**Ul*l» iMfiN«iti« tjfmtd® MMfetjr mmHwn fe» Urn 
te*w4iia ; 4t*Wb 4tfel«®ih «te«S i« tomedl fef Uw m%km «f 
nwwteliw il4feii Ml i«to*4 mm* nitmiM tkw. «m* «r wmM§k& tew ((rot ^4, 
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engaged on beating. This galvanic deposition of iron is used lor 
making galvanoplaetio cliche which are distinguished for their great 

thoso latter contain it because their mm contain titanium, which oombines directly with 
nitrogen. Hence the part played' by nitrogen in steel In but an Insignificant one. It 
may be useful here to add some Information taken from Caron's treatise concerning the 
influence of foreign matter on the quality of steal. The principal properties of steel arc* 
those of tampering and annealing. The compounds of iron with silicon and boron have 
not these properties. They are more stable than the carbon compound, and this latter* 
is capable of changing He properties; beoause the carbon in. It cither enters into 
combination or else Is disengaged, which determines the condition of hardness or softness 
of steel, as In white and grey east Iron. When slowly cooled, steel splits up into a 
mixture of soft and carbureted Iron ; but, nevertheless, the carbon does not separate 
from the Iron. If such steel be again heated. It forms a uniform compound, and hard one 
when rapidly cooled. If the same steel as before be taken and heated a long time, then* 
after being slowly cooled, It becomes much more soluble in acid, and leaves a residue of 
pure carbon. This -shows that the combination between the carbon and iron in steel 
becomes destroyed when subjected to heat, and the steel becomes iron mixed with 
carbon. 8uoh burnt steel cannot bo tempered, but may bo corrected by continued 
forging in n heated condition, which lias the effect of redistributing the carbon oqually 
throughout the whole maea. After the forging, if tbo iron is pure and the carbon haa 
not been burnt out, stool Ib again formed, which may bo tempered. If stool bo re- 
peatedly or strongly heated, it becomes burnt through and cannot bo tempered or 
annealed ; the carbon separates from the iron, and this Is effected more cosily tf the 
stool contains other impurities which arc capable of forming stable combinations with 
iron, such as silicon, sulpliar, or phosphorus. If there be much silicon, it occupies the 
place of the carbon, and thou ouutinuud forging wUl not induce tire carbon once 
HupnruUul to ro -outer into combination. HueU steel la oaeUy burnt through bud oaune& 
bo ronoetod; when burnt through, it uj hard ami oaunot bo auneaWL— -tUia iu tough 
steel, an inferior kind. Iron which cuut&luu sulphur and phosphorus comen tw badly, 
cambium* but little with caribou, and stud of this kind is brittle, both hot and cold. 
Iron in combination with the abovtwiumtioucd substances cannot bo annealed by alow 
cooling, showing that these compounds arc more stable than those of carbon and Irxjc^ 
and therefore they prevent tbo formation of Urn latter. Such metolti as tin and si no 
combine with iron, but not with carbon, and form a brifctk maos whloh cannot ho 
annealed and is delwtoriaut to stool. Maugana&a and iuugaton, on the contrary, arc 
capable of combining with charcoal ; they do not hinder the formation of staal, but mm 
fmrnms the injurious #8#cis of ofcW admixtures (by tranttfomlng thus# admixed ebb* 
stances into nm compounds and slags), and arc therefore roakod with the tubetancai 
which act beneficially on «te*l j but, oevarthtles*, the best steel, which Is capable of 
renewing inoifc often its primitive qualities after burning or hot forging, Is the purest. 
Tim addition of Mi, Or, W, and certain other nvnUls to steal vender* it very suitable to? 
certain special purposed, and i« therefore frequently made use of. 

It iu worthy of attention that stool, besides tompor, piawnw many variable 
properties, a review of which may b« made in the da*»lfUmlum of the «»*rfa *»/ steal 
(1H7H, CiHhoiifU). (1) IVr^ rm fd tt eel anatoms from 0 U5 to U UU p.e, of c*rl*4i, break* 
with a weight of 40 to fri) kill*, par square imlUamtre* and baa an axtaiwton of 90 to 
60 p.c.j it may bn welded, Ilka wrought iron, but eaunul be tompomd *, is tiactd in 
far baiter*, armour plate and bridgpf, nails, rtvaia, fta., m a substitute for wroafht tree j 
(I) mild $t®d 9 from 0*80 to 069 of owrtoiif m®mmm to teoste** to to 60 trite* 
axhmston 16 to $0 p^.» not mily wstdsd, and fe®prt badly, goad tor oxtoa, rails, and 
railway tyi* s, far cannons and funs, and tor parts of machine doKtinod to real*! tend mi 
aud torskm; (6 hard if sol, csgtera 0*96 to 0‘W p.o., bsmking wdgbt 60 to 70 totes p*>r 
square millimetre, axtettalon 10 to is p,e,, cannot be welded, token a tamper ; tuwsd for 
rath, all kinds of springs, swords, ports of machinery in molten subjected to Criettaftf 
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hardness. Eketrmd^HmteHl iron is brittle, but if heated (alter the 
separation of the hydrogen) it \mcomm w*fu If \mm ferric hydroxide 
which is cmsily prepared by the precipitation of sulutions of ferric 
salts by moans of ammonia, tea heated in a strexui of hydrogen, ii 
forms, first of all, a dull black powder which Ignites aj*onUiwn»u*ljr la 
air (pyrophoric iron), anti then a grey powder of pure iron. The 
powdery substance first obtained Is an iron sultoxid* ; when thrown 
into tha air it ignites, farming the oxide Fe/V M the heating in 
hydrogen be continued, more water ami pt: m» iron, which doe* not 
Igrdta sijmntentMmtdy, will te* obtained. If a mind I quantity of iron be 
| fused in the uxyhydmgeii flame (with an excess of oxygon) in a piece 
«if Hum and mixed with jHiwdritnl gins*, pure molten iron will he 
formed, te^&um* in tin* «»xy hydrogen flam** iron melt* and bums, but 
the ttulwtanccs mixed with tha iron oxidise brat The oxidised im- 
purities htm either disappear (etrUmie anhydride) in a gieecm* f onn, 
or turn into slag (ilUem* nutngxnews oxide, and others)— that is, lute 
with the glass. Fur© Iron hi* a sttmy white colour and a s|*eclfio 
gravity of 7*84 ; It molt# at a temperature higher than the melting* 
points of titetr, geld, nickel, and steel, *\*. about and 

Klrtwlkm erf teem*, hititttMfs, h*.m% Mp- > |4| wfy k«nhl *£mh OS fe» 

p«h» Imurfl* breftkis* w#£ghl W te *0 ImIcm, miwmmm & le to 4 *®., JUmm u*& w«44 ( bst 

iMBpsc* M*&fi iwl ter wf»»U ®-$%rimg«k (Mam, k«»i*#4 w»4 tnMrtmiMil#. 

Hi* p» 4 «ptfe« *rf eei teuiry wr*w 0 foi imm w»ll kecnrii. Th® te#i inut i« Um n%m% 
leaseietMte-^ltst I* to sty, ttat wty^ti &**» put bw®k 114 * wtes ®lmmk suite tte hmwmf 
m Wafe t mwI fit »l tte asms Um k ssfteuNitiy tent, Tter# **, teu«w«?. • etai**H’ 4 M $4 
teWrtMm W4 sad *«ti taws, Cteevfitty lb# mafomk *»o« 1 % tte Un<*ete«i»t m»4 *«a 
hi weUtate ttravra tul** «4r®, tbwr4, tetigh. *r«ti o «4tes 

ateneftofteiil by it* w ten teat, **»4 o Itevvfkaf* i^ry *l*titett)t te* w»*rk« «4 

pbjw’te mitete II Mi l»#4 mtt&mhl® in ttedfl %W^% 6« A*te|4#»4 

for m*kiujg wire jw 4 *tee4 tr«m m* 4 enrti etnaM *& h« 4*, ffcrf* mm 

by *i» ilUmms a tibnmw ^Itef t**rjgtng t nrh»Ut bmgfo Ut*m isfwfW'* iu 

iira*4wr«# hIwy Ihu »»f tom. »tib<uytU tarty *u4l al bta Mr4»i%«ry 

tw»ws briltta wtwn m® «USk«tU t*» w#Wt Tl®#*» te.*«i4 ma 

lew «sitshiw h# taiftf w-mtkmi up mUn »»*!! Ttw» r«mty **f lb# ¥4 

trw m tta wltteh 1 % twitelm In gwierst, 4ta tnei «w4 «•» lit* «#u 

»tili tsita 1 s«4 «hMf« a tpMlHf ef dltew, wulpXwr, 

An, 4 fitislf Mi itw ptwfswttei «l ^mm pwte tte 

ipnlltf et Ita Mrsn. t« s44itls*$i te the *44 Wm, te^tfcng & 

fttaxt* iSreeteis, wtam te fetew awl Is 

^4»wt4« i It Item hmrnm ifwatef m* tertltta This le a swrlsle w# Mptefe* tte 
wsnt of Ktslslity erf mw iiee o|qte*t*~<iM4i ss «s1«h. «rfeteh ms*t te «fuf 
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below the melting point of platinum (175Q 0 ). 11 But pure iron becomes 
soft at a temperature considerably below that at which it melte, and 
may then bo easily forged, welded, and rolled or drawn into sheets and 
wire. ,lbl8 Pure iron may be rolled into an exceedingly thin sheet, 
weighing less than a sheet of ordinary paper of the same site. This 
duotility is the most important property of iron in all its forms, and is 
most marked with sheet iron, and least so with cast iron, whoso 
ductility, compared with wrought iron, is small, but it is still very 
considerable when, compared with other substances— such, for instanco, 
as rocks. 13 

Tim chemical properties of iron have been already repeatedly 
mentioned in preceding chapters. Iron rusts in air at the ordinary 
temperature— that is to say, it becomes covered with a layer of iron 
oxides. Here, without doubt, the moisture of the air plays a part, 
because in dry air iron does not oxidise at all, and also because, more 

u According to information supplied by A. T. Blunder' u exponnumta at tbo Oboukoflt 
Stool Works, HO volumes of liquid molten stool givo 1'iH volumes of solid motel, By 
moan® of a galvanic current of groat intmimty ami donao charcoal ft® on© eleotrode, and 
Iron a® th© other, Bormidoaa woldod iron and fused holes through sheet iron. Soft 
wrought iron, lilco stool and soft malltmhlo cast iron, may b© milted in’ Siemens* 
regenorativo furnuooii, and in fumaemi lioalod with naphtha. 

11 1'l* (lorn Tiiit, Barret, Tulmrnoff, Osmond, and other® ohismod that at a 

iomporuturo approaching (inn”-- that in, between dark and bright rod heat— -sill kinds, of 
wrought iron undergo a peculiar change called jvoiihwrffior', ».©. a tipfmtmmouii rims of 
temperature. If iu»n be comudcmhly heated and allowed to cool, it may he observed 
that at thin temperature tho routing stupa — that. is, latent heat Ifi tlieongttged, corra- 
Spending with a change in condition. The specific heat, electrical conductivity, magnetic, 
and other properties then also change. In tempering, the ti inperatujv of rec&laitoenc® 
must not be reached, and no alwo in annealing, Ac. It is in slant that a change of tho 
internal conditimi in bore ©neuuntered, exactly similar to the transition from *> uolid to a 
liquid, although them is no evident physical cIuuiro. It its pmbabU that albmiiv© study 
would lead to the discovery of a similar ohang© in other 8ubmam:«». 

is Tli® partiolea of ntwrt am linked together or ctumectod mom ©Wely than thou© of 
th© other matelir, this is shown by tlm fiu»t Umt it only breaks with a t*n*il» strain of 
fgWtt) kilos per sq. mm„ whitet wrought iron only withstand** about Id hsbna, cast imn 
10, onppor Mi silver 138 , platinum 80, WihhI H. The eWdiciiy of iron, uteri, and ether 
nietalu ki expressed by the isiorntlrd rnr/ftYiViif </ rtr.afi i‘3fy I+* t A f« ■** I be taken ulusm 
length ia I»; if a weight, I*, be hung (rum the extremity ».f it, it will lengthen u< f 
The lews it leiiglhenu under other equal c-mbtoaoi, th*» ui»<fe elante* llm material, if if. 
resumes! it* original length wh» n tin* aright »» ms,. or I It has* been i>lii<«rii t»v rxp^rmirnl 
that the inarwanu in length l, du«» to tdsojtnily. >s d«tc* By to Iho length h 

and tha weight 1*, and inversely proportional in Urn wi'timi, but *?bat?|f^ w&ih tb#> 
materiah TH® eoAfifotunl of »l*ainniy 0 «pi**»t* that wnigHt fin kilo# per wq. mm*} 
m*Um which ft. rod Having a tqnar# iwction Ulww* »« l (w* fca&» I turn.) ftogirirtt 
doubt® this Umgtfe by tamabo. Naturally in pnwtfew raptorial# 4®» aut *mr|j » 

Lengthening, tmdor & eartein weight tWy a Itwil of #kwii*?ifcy, i.n. th&y ®sr®t«h 

permanently (undergo dofomtulion). Na^Urting fraelh>n« (a# Ilia aUatkity *>f rnet4q 
varies nut only w*th thn tnmfMmUr«, hut ©l«o with \mnit, Ar the «■ ^m--i»ni 

of «1e,atintv *4 steel and imn in W ( t»o, cw|* p*r &ml brw IU.W. «ih«r H.uoo. 

lead 11,000, and w.h'h! l /iOO. 
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particularly, ammonia is always found in iron rust ; the ammonia must 
arise from the action of the hydrogen of the water, at the moment of its. 
separation, on the nitrogen of the air. Highly-polished steel does not 
yust nearly so readily, but if moistened with water, it easily becomes 
coated with rust. As rust depends on the access of moisture, iron may 
be preserved from rust by coating it with substances which prevent 
the moisture having access to it. Thus arises the practice of covering 
iron objects with paraffin, 13 varnish, oil, paints, or enamelling it 
with a glassy-looking flux possessing the same coefficient of expansion as 
iron, or with a dense scoria (formed by the heat of superheated steam), 
or with a compact coating of various metals. Wrought iron (both as 
sheet iron and in other forms), cast iron, and steel are often coated with 
tin, copper, lead, nickel, and similar metals, which prevent contact with 
■the air. These metals preserve iron very effectually from rust if they 
form* a completely compact surface, but in those places where the iron 
becomes exposed, either accidentally or from wear, rust appears much 
more quickly than on a uniform iron surface, because, towards these 
•metals (and also towards the rust), the iron will then behave as an 
•electro- positive pole in a galvanic couple, and hence will attract 
•oxygen. A coating of zinc does not produce this inconvenience, because 
iron is eleotro-negative with reference to zinc, in consequence of which 
galvanised iron does not easily rust, and even an iron boiler containing 
come lumps of zinc rusts less than one without zinc. 14 Iron oxidises 
at a high temperature, forming iron scale , Fe 3 0 4 , composed of ferrous 
.and ferric oxides, and, as has been seen, decomposes water and acids 
with the evolution of hydrogen. It is also capable of decomposing 
salts and oxides of other metals, which property is applied in the arts 
for the extraction of copper, silver, lead, tin, &c. For this reason 
iron is soluble in the 'solutions of many salts — for instance, in cupric 
sulphate, with precipitation of copper and formation of ferrous sul- 
phate. 15 When iron dots on acids it always forms compounds FeX 2 — 

15 Paraffin is one of the best preservatives for iron against oxidation in the air. I 
found this by experiments about 1860, and immediately published the fact. This method 
is now very generally applied. 

14 Sea Chapter XVTII., Note 84 bis. Based on the rapid oxidation of iron and its 
Increase in volume in the prosence of water and salts of ammonium, a packing is used 
for water mainB and steam pipes which is tightly hammered into the socket joints. 
This packing consists of a mixture of iron filings and a small quantity of sal-ammoniac 
(and sulphur) moistened with water ; after a certain lapse of time, especially after the 
pipes have been used, this mass swells to such an extent that it hermetically seals the 
Joints of the pipes. 

ia Here, however, a ferric salt may also be formed (when all the iron has dissolved 
and the cupric salt is still in excess), because the cuprio Balts are reduced by ferrous 
aalts. Cast iron is also dissolved. 
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that is, corresponding to the suboxide FeO - and answering to magnesium 
compounds— and hence two atoms of hydrogen are replaced by one 
atom of iron, Strongly oxidising acids like nitric add may transform 
tho ferrous salt which is forming into the higher degree of oxidation or 
ferric salt (corresponding with the sesquioxide, Fg 2 0 8 ), but this is a 
secondary reaction. Iron, although easily soluble in dilute nitric acid, 
loses this property when plunged into strong fuming nitric acid ; after 
this operation it oven loses the property of solubility in other acids 
until tho external coating formed by the action of the strong nitrio 
acid is xueohanioidly removed. This condition of iron is termed the 
passive state. The pamive condition of iron depends on the formation, 
on its surface, of a coating of oxide due to the iron being acted on by 
the lower oxides of nitrogen contained in the fuming nitrio acid. 10 
Strong nitrio acid which does not contain those lower oxides, does not 
render iron passive, but it is only necessary to add some alcohol or 
other reducing agent which forms these lower oxides in tho nitrio acid, 
and the iron will assume the passive state. 

Iron readily combi nos with non-metals— for instance, with chlorine, 
iodine, bromine, nulphur, and even with phosphorus and carbon ; but 
on tho other hand the property of combining with metals is but little 
developed in it*— that is to nay, it does not wily form alloys. Mercury, 
which acts on most reetnhi, dinw not suit directly on iron, and the iron 
amalyam, or solution of mm in mercury, which is used for electrical 
machines, is only obtained in a jutrtieul&r way— namely, with the 
co-operation of a aetdium amalgam, in which the iron dissolves, and by 
mmm of which it 1$ reduced from solutions of its aalta. 

When iron act® on acids it forma fmrmm mXU of the type FeX* 
and in the pretence of air and oxidising agouti they change by degrees 
into feme aalte of the type FtDC r This faculty of paanmg from the 
ferroui to the ferric slat© ia stUl further developed in ferrous hydroxide. 

If sodium hydroxide he added to a solution of ferrous sulphate or 
grmm vitriol, Fo80 4l tT a white precipitate of ferrous hydroxide, FeIL/> t , 

,|S I'owCtry iron i # jtawaivr with rotjar*! to tulrio nf a |*mvifcy of 

1*8?, hut tth«u hcfttUxI lh« *un»l art* on (t Thus (ltBAp]-c»ard in tho ma^ttofeio | 

e«k!< Huinfc Kctliut ttitritmtoa tho }•»»»} « 4 Hon (Mu! to tho (tf 

alirtoto t*f tom *m th« « f iV met.*!, hw&nsw he* otoenretl Oml whoa heat**! to tiff 

hydrngpH mMmwtvi to «r«4w»l l*x fMt® tom 

l$mmm «4s#§rf#$ that if a strip «4 inm t» mmmmrni to askl mi $$kmi to Ih© wif * 
lEMOto ftoM, ft to f*to$tf*Uy *t it* m(44l« pwt-*«thst to* (to mM mi* mm feebly 

st tta pnW. to Pm4 (t«ei) mm$ eilrto tm to aftkbtg H 

psaato*, although th« sHtoe to a wrj dto# »w». 

n |r.m vi fra >1 m yr*m mtn^ »u1phM« of I roa m temm rndphato, f«rtem!!y cry* 
taUta** fr»-m ikilutum*, life# «t$jt»te ? with aw*to»to »f w»to, 

F#iW» s< ?H a o. T'hm itoU in ftvt «**!$ tmm®& bf tbs Mttoe df tom mi wul^hark mi*% be! 
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t==Fe 2 01 G , or, generally speaking, 2FeO + Cl 2 -f H 2 0 ==Fe 2 0 3 *f 2HC) 
When such a transformation is required it is best to add potassium 
chlorate and hydrochloric acid to the ferrous solution ; chlorine is 
formed by their mutual reaction and acts as an oxidising agent. 
Nitric acid produces a similar effect, although more slowly Ferrous 
ealts may be completely and rapidly oxidised into ferric salts by moans 
of chromic acid or permanganic acid, HMn0 4 , in the presence of acids — 
for example, 10FeSO 4 + 2KMn0 4 + 8H 2 S0 4 « 6Fe 2 (S0 4 ) a + 2Mn80 4 
H* K 2 $0 4 + 8H a O. This reaction is easily observed by the change of 
colour, and its termination is easily seen, because potassium perman- 
ganate forms solutions of a bright rod colour, and when added to a 
ebliltion of a ferrous salt the above reaction immediately takes place in 
the presence qf acid } and the solution thon becomes colourless, because all 
? ihe substances formed are only faintly coloured in solution. Directly all 
the ferrous compound has passed into the ferric state, any excess of 
permanganate which is added communicates a red colour to the liquid 
(see Chapter XXI.) 

Thus when ferrous salts are aoted on by oxidising agehts, they pass 
into the ferric form, and under the action of reducing agents the 
reverse reaction occurs. Sulphuretted hydrogen may, for instance, bo 
used for this complete transformation, for under its influence ferric salts 
are reduced with separation of sulphur— for example, Fe 2 Cl G 4* H 0 S 
s=s 2FeCl fi 4- 2HC1 4- 8. Sodium thiosulphate acta in a similar way : 
Fe 2 Cl 6 + Na 2 S 2 O a + H 2 0 «= 2FeCl 2 + Na 2 S0 4 4- 2HC1 4- S. Me- 
tallic iron or zinc, 20 in the presence of acids, or sodium amalgam, &o., 
acta like hydrogen, and has also a similar reducing action, and this 
furnishes the best method for reducing ferric salts to ferrous salts— 
for instance, Fo 2 C1 g 4- Zn » 2FeCl 2 4- ZnCl 2 . Thus the transitionfrom 
ferrous salts to ferric salts and vice versd is always possible.** 

*o Copper and cuprous gaits also reduce fordo oxide to ferrous oxide, and are them* 
eolvoB turned into cupric tielfcs. The essence of the reactions i§ expressed by the following 
icquations. Fe a 0 t vHC% 04 -/aFe 0 + 2Cu0} Fe a 0 5 *f Ca«»aFeO + CuO, This fact U mao® 
use of in analysing copper compounds, the quantity of copper being ascertained by the 
amount of ferrous salt obtained. An excess of ferrio salt is required to complete the 
teaotlon. Here we have an example of reverse reaction j the ferrous oxide or ite salt in 
the presence of alkali transforms the cupric oxide into cuprous oxide and metallic copper, 
as observed by Lovel, Knapp, and others, 

We will here mention the reactions by means of which it may be ascertained 
whether the ferrous compound has been entirely oouverted into a fordo compound o? 
vice versd. Thoro aro two substances which aro best employed for this purpose: 
potassium ferricyanido, F0K3C0N0, and potassium thiocyanate* KCN8. The first salt 
gives with ferrous salts a bluo precipitate of an insoluble salt, having a composition 
Fe s Oi 8 Nj 9 i but with forrio salts it does not form any precipitate, and only gives a brown 
colour, and therefore when transforming a ferrous salt into a ferrio salt, the completion 
of the transformation may be detected by taking a drop of the Hquid on paper or on a 
porcelain plate and adding a drpp of the ferricyamde solution. If a blue precipitate bo 
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fyrrio oxid$i or msqidoxid® of wm, Fo a O a , 13 found in nature, 
and is artificially prepared in the form of a red’ powder by many 
methods. Thus after boating green vitriol a red oxide of iron remains, 
called coloolhar, whieh is used as an oil paint, principally for painting 
wood, The same substance in the form of a very fine powder (rouge) 
is used for polishing gloss, steel, and other objects. If a mixture of 
ferrous sulphate with an excess of common salt bo strongly heated, 
crystalline ferric oxide will be formed, having a dark violet colour, and 
resembling some natural varieties of this substance. When iron pyrites 
is honied for preparing sulphurous anhydride, ferric oxide alio remains 
behind ; it is used m a pigment. On the addition of alkalis to a 
solution of ferric salts, a brown precipitate of fordo hydroxide is formed, 
which whan heated (even whan boiled in water, that i§, at about IDO 0 , 
according to Tomaisi) easily parte with the water, and leaves red 
anhydrous ferric oxide, Pure ferric oxide does not show any mag* 
netic properties, hut when boated to a white heat it loses oxygen and is 
converted into the magnetic oxide. Anhydrous ferric oxide which has 
been heated to a high temperature is with difficulty soluble in acids 
(but it Is soluble whan heated in strong muds, and also whan fused with 
potassium hydrogen sulphate), whilst ferric hydroxide, at all events 
that winch is precipitated from waits by means of alkalis, is very readily 
soluble in adds. The precipitate! ferric hydroxuh has the composition 
2 I‘V a () «>r Fe 4 lI 6 O w , If this ordinary hydroxide he rendered 
anhydrous (at 100'), at a certain moment it tannicim* incandescent 
—that i«, 1 o:4-m a certain quantity of heat. This self inenndesceues 
depends on internal displacement producfnl by the transition of the 
easily lolubla (in adds) variety into tho difficultly ‘Soluble variety, 
and dims not depend cm the loss of water, since tho anhydrous oxide 
.undergoes the name change In addition to this there exist* a ferric 
hydroxide* or hydrated oxide erf iron, which, like tho etrongiy •heated 
anhydrous Iron oxide, l|dl®cmltly soluble In add*. This hydroxide m 
losing water, or after the I cm* of water, doe* not undergo inch #»df* 
incandcHi-imcc, Imeaumi no such state of internal displacement occurs 
(lem of energy or heat) with it as that which inpe* uliar to the ordinary 
Oxide of iron. Tin* ferric hydroxide which m dillictiUly rouble m m ids 
hill tho imposition >, This hydroxide U obtained by m pro* 

ttei part 4 Hn» Umm till sMO rwxakw i it ttem t« lb# li 

Tte lUMpml* &mm eel fit# mf mmk®4 mhw&Um mm f mmm mSU 1 M 
.with terries in tte Ml MuUb It fom« a U^h% «wl mlmhUmmpmnd, mb 
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longed ebullition of water in which ferric' hydroxide prepared by tie 
oxidation of ferrous oxide is suspended, and also sometimes by similar 
treatment of fcho ordinary hydroxide after it has been for a long time, 
in contact with water. The transition of one hydroxide to another is 
apparent by a change of colour ; the easily-soluble hydroxide is redder, 
and the sparingly-soluble hydroxide more yellow in colour. 93 

The normal salts of the composition Fe 2 X 6 or FeX 3 correspond 
with ferric oxide — for example, the exceedingly volatile ferrio chloride^ 
Fo 2 C1 g , which is easily prepared in the anhydrous state by tho aotion 
of chlorine on hoated iron. 23 Such also is the normal ferric nitrate 9 

w Tho ''two fame hydroxrdos aro not only characterised by fche abovQ*monfcionod 
proportion, but also by tho fact that tho first hydroxide forms immediately with potassium 
forrocyanidoi K.jFoCyN,,, a blue colour depending on tho formation *of Prussian blue, 
whilst tho second hydroxide doe® not give any reaction whatever with this salt. Tho 
first hydroxide is entirely soluble in nitric, hydrochloric, and all other adds ; whilst tho 
second sometimes (not always) forms a brick-coloured liqhid# which appears turbid 
and does not give the reactions peculiar to the ferrio salts (Plan do Saint-Gillee, 
Soheurer-Kestner). La addition to this, when the smallest quantity of on alkaline salt 
is added to this liquid, ferrio oxide is precipitated. Thus a colloidal solution is formed 
(hydrosol), which is exactly similar to silica hydrosol (Chapter XVII.)i according to 
which example the hydrant)! of ferric oxide may bo obtained. 

If ordinary ferric hydroxide be dissolved in acetic acid, a solution of tho colour of red 
wine is obtained, which has all tho reactions characteristic of ferric Balts. But if this 
solution (formed in the cold) bo boated to the boiling-point, its colour is very rapidly 
intensified, a smell of acetic acid becomes apparent, and the solution then contains a 
new variety of ferrio oxide. If tho boiling of tho solution be continued, acetic acid is 
evolved, and the modified ferrio oxide is precipitated. If the evaporation of the acetic 
acid be prevented (in a closed or scaled vessel), and the liquid bo heated for some time, 
fcho whole of the ferrio hydroxide then passe® into the insoluble form, and if some alkaline 
ealt bo added (to the hydrosol formed), the whole of the ferric oxide is then precipitated, 
fn its Insoluble form. This method may be applied for separating ferrio oxide from 
solutions of its salts. 

All phenomena observed respecting ferric oxide (oolloi&al properties, various forms, 
formation of double basic salts) demonstrate that this substance, like ©iliea, alumina# 
lead hydroxide, &e., ia polymerised, that tho composition is represented by (F^QjJn. 

85 The ferric compound which is most used in practice (for instance, in medicine, fo^ 
cauterising, stopping bleeding, &e.«~ Oleum Mortis) is /mia chloride) FajCl fl , easily 
obtained by dissolving the ordinary hydrated oxide of iron in hydrochloric acid. It" la 
obtained in the anhydrous state by the action of chlorine on heated Iron. The experi- 
ment is carried on In a porcelain tube, and a solid volatile mUtmoe Is then formed in 
fche shape of brilliant violet scales which very readily absorb moisture from the air, and 
when heated with water decompose into crystalline ferric oxide and hydrochloric add : 
Fo^Cle^fiHaOjfflfiECl-hFeaOs. Ferric chloride is so volatile that the density of its 
vapour may bo determined, At 440® it is equal to 1Q4‘Q referred to hydrogen ; the 
formula Fo a CJ fl corresponds with a density of IOTA. An aqueous solution of this ©alt 
has a brown colour. On evaporating and cooling this solution, crystals separate ©on* 
tabling 0 or 12 molecules of H.jO. Ferrio chloride is not only soluble in water, but also 
in alcohol (similarly to magnesium chloride, &e.) and in ether. If the latter solutions 
are exposed to the ray© of the sun they become colourless, and deposit ferrous chloride, 
FeGlg, chlorine being disengaged. After a certain lapse of time, the aqueous solutions 
of ferrio chloride decompose with precipitation of a basic salt, thus demonstrating the 
instability of ferric chloride, like the other salts of ferric oxide (Noty 22), This salt is 
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Fo a (N0 3 ) 6 ; it is obtained by dissolving iron in an excess of nitric acid, 


much m#ro itablo in the form of double ialte, like all fcko ferric salts and also the 
salts of many other feeble bases. Potassium or ammonium chloride forms with it very 
beautiful rod crystals of a double salt, having the composition FegC] a ,4KCl,9HaQ. 
ohloHde B ° lUt ° n ° f ^ 9 8 © Vft Porated it decomposes, with separation of potassium 


B. Rooaeboom (1809) studied in detail (as for CaCl* Chapter XIV., Koto 60) the 
separation of different hydrates from saturated aolulinni of Fo a Cl 0 at various Otmcon* 
tratinns and temperatures ; ho found that there are 4 arystallohydrates with 19 7 6 and 
f im ' U ; inlUm /’ r W f oy * * n only «%btiy hygroscopic hydrate, Fo a Cl fl , 12^0, 

in monk easily and usually obtained, which melts at 87° ; its solubility at different tempera* 
turoa is represented by the curve BCD in Dio accompanying figure, where the point B 



Fit*. Wh- Diagram of the aotubUtty of Fe.01* 


correspond® to the formation, at - of a cryohydraU containing about F©«,Cla + &0H a O, 
Uni point 0 eorrespomte to the rmd ting point (+87^) of the hydrate 1811^0, and 
Urn curve CD to the fall in the tempera turn of oryttidlitation with an increase In the 
amount of salt, or tfammm in the amount of water fin the %ur«1 the temperatures are 
taken along the axin of *b»olisM, and the amount of n in the formula + JDOH 0 

along the axis of ordinate#). When anhydrous F^CI* ia added to the above hydrate 
UiH s O), or some of the water ii evaporated from the latter, very hygroscopic 
crystals of F^Cle, 51**0 (Prfteehe) are termed; they melt at M", their solubility U 
expressed by the curve HJ, which also presents a small branch at the end 3 This 
again gives the fall in the temperature of crystal I (ration with an iu crease in the amount 
of Besides these curves and the solubility of the anhydrous salt expressed by 

the line K I * (up to lun\ beyond which chlorine is liberated), H*KdudwK>m also gives the 
two curves, EFU and .IK, imrrraj* Hiding te the eryatnllohydratea, B\^t!L,7lI 3 U (melts at 
*0r*«, that ia low«r than any of the others) and Fe/n^HjO (melts at 70^6), which 
hi disoarwml by a tryetetiraii® iwstureh on the solution® of ferric chloride. Tito cum 
AB raprtsuiite th® aeparatkm of im from dilute solution® of tbs salt. 

The rawtiureheB of the «ubi« Dwteh d»et»i«fc upon the ©twadfikms of th® formation of 
Steles from the donbte mil {NH,ahF%Cl fe SH t O am mm more perfect, This salt 
was obtained in IMP by PHtsehs* and is easily formed from a strong solution of Fascia 
by adding oabammoniae, when it atparat#® in ©Hmami rhombic crystals, which, after 
dissolving in water, only deposit again on evaporation, together with the aal -ammoniac, 
Eooiaboorn (IBM) found that when the aolutkm contains b molecules of Fe^Cl* and 
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taking care as far as possible to prevent any rise of temperature.^ TXi^ 
normal salt separates from the brown solution when it is concentrated 

a molecule® of NE 4 C1, per 100 molem¥le® H 3 0, tlipn at 16° one of the following sopara*- 
tions talcoe plaoo ; (1) crystal®, FoaClfl,12H u O, when a varies between 0 and 11, and 
between 4*65 and 4*8, or (2) a mix taro of these crystals and tho double salt, when <** 
ujI' 80, and ft® 4*47, or (8) tho double salt, F^Clo^NH^CiaHgO, when a varios 
between 2 and 1V0, and ft between 8'1 and 4*C6, or (4) a mixture of sal-ammoniac wifb 
the iron Balt (it crystallises in separate cubes, Retgers, Lehmann), when a varies 
between 7*7 and 10'9, and ft is loss than $'88, or (5) sal- ammoniac, when am 11*88. An <3 
as in the double salt, a* ft “4 j 1 it is evident that tho double salt only separates out 
when tho ratio a ' ft is loss than 4 . 1 (i.e. when Fo^Clo predominates). Tho above 

soon moro clearly in tho accom- 
panying figure, whore a, or tb0 
number of molecules of NH4CI 
per 100H a O, is taken along tho 
axis of abscissas, and ft, or tho 
number of molecules of F© a 01o» 
along tbe ordinate®, Tho curve® 
ABCO correspond to saturation 
and present an iso- therm of 15°* 
The portion AB correspond® to 
tho separation of chloride of iron 
(Urn ascending nature of thi© 
curve shows that the solubility ot 
FoaClo is increased by tho pre- 
sence of NH4CI, while that* 
NH4CI decrease® in the prosenoo 
of F&jOy, tho portion BO to tha 
double soli, and the portion CD 
to a mixture of sal- ammoniac* apt! 
ferric chloride, while tho straight* 
lino OF corresponds to the ratio FoaOlo^NK^Cl, or a : ft:: 4 : 1, The portion OF show® 
that more doublo salt may be introduood into the solution without decomposition, buk 
then the solution deposit® a mixture of sal-ammoniac and ferric chloride («4JC Chapter 
XXIV. Noto 0 bIs ). If thoro wore more such well-investigated cases of solutions, cur 
knowledge of double salts, solutions, tho influence of wator, equilibria, isomorphou® 
mixture®, and fiuch-liko province® of chemical relations might bo considerably advanced* 
84 Tho normal ferric salt® arc decomposed by heat and oven by water, forming btmia 
salt®, which may bo prepared in various way®. Generally forric hydroxide i® disBolvodl 
{n solutions of ferric nitrate j if it contain® a doublo quantity of iron tho basic salt hi 
formed which contains Fe^Oj (in tho form of hydroxide) 4 2F%(N Q a )<> ^ 8FouO(N 0 ^ , 
a salt of the type FeflOX*. Probably water enter® into it® composition, With con- 
siderable quantities of ferric oxide, insoluble bftflio salt® are obtained containing various 
amounts of ferrio hydroxide. Thu® when a solution of the above-mentioned basic acid 
is boiled, a precipitate is formed containing 4(Fe a O a )g,S(N a Oft),8H s O, which probably 
contain® 2Fe a O s (NO a ) a + 9Fe 8 Og,8H a O If a solution of basic nitrate be sealed in is 
tubo and then immersed ih boiling water, the colour of tho solution changed just in 
tho same way as if a solution of ferrio acetate had boon employed (Noto 23), Tho 
solution obtained emolls strongly of nitric acid, and on adding a drop of sulphuric or » 
Hydrochloric acid tho Insoluble variety of hydrated ferric oxide is precipitated. 

Normal ferrio orthophosphal i® solublo in sulphuric, hydrochloric, and nitric acid®, 
but tosolubl© In other®, such ns, for instance, ncetfe acid. The composition of this salt 
It the anhydrous state is FcPO*, because in orthophosphorio add there are three atom® 
of hydrogen, and iron, in tho ferric state, replace® the three atom® of hydrogen, Thit 
is obtained from ferric aoetate, which, with disodium phosphate, forms a white pro- ’ 
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under a bell jar over sulphuric acid. This salt, Fe 2 (N0 3 ) 6 ,9H a 0 J then 
wystalliscs in well-forraed and perfectly colourless crystals, 29 which 
deliquesce in air, melt at 85\ and are soluble in and decomposed by 
water, The decomposition may bo seen from the fact that tho solution 
is brown and does not yield tho whole of tho salt again, but gives 
partly basic salt. The normal salt (only stablo in the presence of an 
excess of HNO ;i ) is completely decomposed with great facility by heat- 
ing with water, even at 180°, and this is made uso of for removing iron 
(and also certain other oxides of tho form K a Q 3 ) from many other 
bases to! the form EG) whose nitrates are far more stable. The ferric 
salts, FoX $t in passing into ferrous salts, act as oxidising agents, as is 
seen from the fact that they not only liberate S from BH 2 , but also 
iodine from KI like many oxidising agents. 29 h* 8 

cipititte of FuP0 4 , containing water. If a solution of ferric chloride (yellow iah.rod 
colour) l>o mixed with a nutation of sodium aeetuto in gxcghb, tho liquid aimumou an 
IntouHo brown colour whiuh demoiiHtrataw tho formation of a certain quantity of forrio 
acetate; Hum UmdiHodium phosphate directly forma a white gelatinous precipitate of ferric 
phosphate, By this moans tho whole of tho iron may bo precipitated, and the liquid which 
was brown then becomes colourless, If this normal salt bo dissolved in orlhophosphorio 
acid, tho crystalline acid salt is formed, If there boon excess of ferric oxide 

in the solution, the precipitate will consist at the basic salt. I! ferric phosphate ba 
dissolved in hydrochloric acid, and ammonia be added, a salt is precipitated on heating 
which, after continued wuuhing in water and heating (to remove tho watur), has tho 
enmpMiiitiuu I'V 4 i'.jO u - that in, tlFo/h.I’/V In an aqueous condition thin salt may bo 
considered an forrir hydroxide, Fe.,(on) ti , in which (OH) 3 is replaced by tho equivalent 
group P() 4 . Whenever ammonia is oddod to a solution containing an excess of ferric 
fitUt and a certain amount of phosphoric acid, a precipitate in formed containing tho 
whole of the phosphoric add in the mivse of the forrio oxid<f. 

Ferric oxide is characterised as a feeble base, and also by the fact of Its forming double 
salts— for instance, potewitam- iron alum, which ha® a composition Fea(80 4 ) Sl K il 8Q lj , 
04H a Q or X ,l tiK{H0 4 )» 4 ,l Ui l n 0> It Is obtained in tho form of almost col our) cm or light 
row oatemred large oetahtdra of the regular system by simply mixing solutions of 
poteislum sulphate and the ferric sulphate obtained by dissolving ferric oxide In sul- 
phuric odd. 

ss It would mmn that all normal ferric salts ore eolourle«8, and that tho brown colou* 
which ie jveculiar to tho solutions h really du© to basi© ferric milts. ’ A remarkable 
example of the apparent change of colour of salts in represented by the ferrous and ferric 
oxniufi'N. The funner in a dry state 1ms a yellow colour, although as a rule tho ferrous 
halt’, am green, and the latter is enlnmlei.a or pale green, When the normal ferric salt is 
(limn lived in water it in, like many halts, probably decomposed by the water into acid 
and basic* sails, and the latter communicatea a brown colour to the solution. Iron alum 
Is almirnt colourless, fa easily diHiotiipoaed by water, and is the best proof of our njscr* 
Mem. Tlw study of On* phtmemtma peculiar to ferric nitrate might, in my opinion, give 
a very minted addition to our knowledge of tho aqueous solution® of salt® in general 

Tho reaction FaXg* JU^FaXt* KX + I proeteds comparatively slowly in solu- 
tions, is not complete (depaad# upon the matt), and ii reversible. la this connection we 
may cite Um following date from Swbert and Itehrer 1 ® (XS04 ) comprehensive researches. 
The investigation® were comtaeted with solutions containing ^ gram— equivalent 
weighta of Fo 4 (,SU 4 ) 3 (t,e/ ©<mtemteg 00 grams at salt per litre), and a corresponding 
solution of KI ; Urn amount of iodine liberated being determined (after the addition of 
starch) by a solution (also ^ normal) of Na^O* (m& Chapter XX., Note 40). The pro* 

*D 


844 


PKIN OlPUES^Of* OHEklSTRY ’ 


Iron forms one other oxide besides the ferrio and ferrous oxides ; 
this contains twice as much oxygen as the former, but is so very* 
unstable that it can neither bQ obtained in the free state nor as a 
hydrate. Whenever such conditions of double decomposition occur as 
should allow of its S^ttration in the free state, it decomposes into 
oxygen and ferric oxide. It is lmown in the state of salts, and is only 
stable in tho presence of alkalis, and foVms salts with them which have 
a decidedly alkaline reaction ; it is thoreforo a feebly acid oxide. Thus 
i when small pieces of iron are heated with nitre or potassium chlorate 
'a potassium salt of tho composition K a FcO^ is formed, and therefox-e 
the hydrate corresponding with this salt should have the composition 
H 2 1 ? c 0 4 . It is called ferric acid \ Its anhydride ought to contain 
Fg0 3 or Fo 9 O 0 — twice as much oxygon as ferric oxide. If a solution 
of potassium ferrate be mixed with acid, tho free hydrate ought 
to bo formed, but it immediately decomposes (2K a Fe0 4 -f 5H a S0 4 
e= 2K a S0 4 + J?e 2 (S0 4 ) 3 + 5H a O + 0 3 ), oxygen being evolved. If a 
email quantity of acid bo takoja, or if a solution of potassium ferrate 
be boated with solutions of other metallic salts, ferrio oxide is sepa- 
rated — for instance : 

2CuS0 4 + 2K 2 Fg 0 4 a 2K 9 S0 4 4- 0 3 + Fe 9 0 3 + 2CuO. 

Both these oxides are of course deposited in tho form of hydrates. 
This shows that not only the hydrate H 9 Fe0 4 , but also tho salts of tho 
heavy metals corresponding with this higher oxide of iron, aro not 
formed by reactions of double decomposition. Tho solution of potas- 
sium ferrate naturally acts as a powerful oxidising agent ; for instance, 
it transforms manganous oxide into tho dioxide, sulphurous into 
’sulphuric acid, oxalic acid into carbonic anhydride and water, &o, 2B 
Iron thus combines with oxygon in three proportions : BO, B a 0 3 , 

gross of tho motion was expressed by tho amount of liberated iodine in percentages 
of tho theoretical amount, For jnslnnoo, tho following amount of iodide of potassium 
was decomposed when F©a( 8 C> 4 )§ + a»KI was taken s 
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for FoCl 3 , 

but then tho amount 

of iodino liboratod woe 


'somewhat groator. Similar roBulta; wore also obtained by increasing tho mass of FeXj 
per 1CI, and by replacing it by III (see Chapter XXI., Note 96). 

).u 80 If chlorine bo passed through a strong solution of potassium hydroxide in which 
hydrated ferrio oxide is suspended, the turbid liquid acquires a dark pomegranate-red 
colottrand contains potassium ferrate i lOICKO + F®a0 3 + 801* «r ‘aEgFeO* + 6KCl+8HgO, 
Xhe chlorine must not be in excess, otherwise the salt is again decomposed, although tho 
mode of decomposition is unknown ; • however, ferrio chloride and potassium chlora ,o 
are probably forjqed. . Another way in which the above- described aalt is formed to also 
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and ROg. It might have boon expected that there would be inter- 
mediate stages RO a (corresponding to pyrites FeS 2 ) and R 2 0 6 , hut for 
iron those aro unknown, 25 bi8 The lower oxide has a distinctly basio 
character, tho higher is feebly acid. The only on© which is stable in 
the free state is ferric oxide, Fo 2 0 3 ; tho suboxide, FeO, absorbs 
oxygen, and ferric anhydride, FeO a , evolves it. It ia also tho same 
for other elements ; tho character of each is determined by tho relative 
dogreo of stability of the known oxides. Tho salts FoX 2 correspond 
with tho suboxido, tho salts FoX 8 or Fe a X Q with the sosquioxide, and 
FcX 6 represents those of ferric acid, as its potassium salt is Fe0 2 (0K) 2f 
corresponding with K a S0 4) K 3 Mn0 4 , K a 0r0 4 , &e. Iron therefore 
forms compounds of the types FeX s , FeX 3 , and FeX 0 , but this latter ^ 
like the type NX ft , does not appear separately, but only when X re- 
presents heterogeneous elements or groups ; for instance, for nitrogen 
in tho form of 3SfO u (OII), NII 4 C1, &c., for iron in tho form of 
FeO u (OK) 2 . hut still tho typo FoX f} exists, and therefore FoX a and 
FoX a are compounds which, liko ammonia, NH 3 , are capable of further 
combinations up to FoX fl ; this is also seen in tho property of 
ferrous and ferric salts of forming compounds with water of crystallisa- 
tion, besides double and basic salts, whoso stability is determined by 
the quality of tho elements included in the types FoX a and FeX r ,. 26 trl 
It is therefore to bo expected that there should bo complex compounds 

remarkable; a galvanic current (from 0 Grove elenumte) 1 m plowed through cant Iron 
and platinum olcutrodmi into .n strong solution of potiunuum hydroxide, Tim caiit- 
Iron electrode f# commoted with tho iHrmlUve polo, and tho platinum electrode k mx- 
rounded by a aarihonw&r© cylinder. Oxygen would be evolved at th© east* 

iron electrode, but it in used up In oxidation, and ft dark solution of potassium ferrate te 
ibenduro formed about it. It in remarkabi© that the cast iron cannot be replaced by 
wrought iron. 

When Mond and hi# astlitate obtained the remarkable voUtil® compound 
N»(CO) 4 fdmmribod later, Chapter XXII.), it was shown #ubs®qu§ntly by Motid and 
Quincke (lOTI),and also by Bsrtkslot, that iron, under cartel n conditions, in a stream of 
carbonic oxide, ateo volaMHp# and forms a compound Jike that given by niekid, llomm 
and Hcuddur then showed that when water gas is pojitod through and khpfc under 
pressure (M ftlimmphum*) in iron vomhoIu a portion of Urn iron volatilise# from tho 
aide# of tho vessel, and that when tlm gats !» burnt it deposits ft rrrtain amount c*f oxide# 
of iron (tho same rooulL i« ohtaintid with ordinary ©oat gnu which contains a email amount 
of CU). To obtain tho volatile comjiuund of iron with carbonic axitle y Mond prepared 
■a finely divided iron by heating Urn oxidate in a stream of hydrogen, and After cooling it 
I© ftO‘ s «~46 Q b§ pasted CO over tho powder. Tim iron thin formed (although very filowly) 
a velatili compound containing FalOOfo (a# though It answered to a very high typo, 
RiXtah which when cooled eemdanses lute % liquid (slightly otdourod, iwoHhly owing to 
Incipient dteompadtion), ip, gr. 14*?, which icUdiflcs at —91®, holla at about 108®, and 
baa a vapour density (about with rospeot to air) corresponding to the above formula *, 
it deeornpoaea at 1H0*\ ‘Water and dilute adds do not act upon It, butit decomposes 
under the actum of light and forms a hard, mm*volatlh> crystalline yellow compound 
FtatCOb which deeornpoteg at H0° and again forms Fn(CO) fl . 

** ,fA When Urn molecular Fe 4 Cl® k produced instead of FaClg this complication <>I 

itbc typ® aIw occurs, 
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derived from ferrous and ferrio oxides. Amongst these the Beriea, 
of cyanogen compounds is. particularly interesting ; their formation, 
and character is not only determined by the property which, iro^ 
•possesses of forming complex types, but also by the similar faoulty of 
the cyanogen compounds, /which, like nitriles (Chapter IX.), have 
clearly developed properties of polymerisation and in general of forming 
complex compounds. 87 

In the cytmogen compounds of iron } two degrees might be expected ; 
Fe(CN) 2 , corrosponding'with ferrous oxido, and Fe(CI$r) a , correspond- 
ing with ferric oxide. Thero aro actually, however, many other know n 
compounds, intermediate and far more complex. They correspond 
with the double salts so easily formed by metallic cyanides. The two 
following doublo salts aro particularly well known, very stable, often’ 
used, and easily prepared. Potassium ferrocyanide or yellow prussiate 
of potash^ a double salt of oyanid? of potassium and ferroua cyanide, , 
has the composition FeO a N 2 ,4KON ; its crystals contain 3 mol. of water : 
K 4 FgO 0 N 0 ,3H a O, The other is potassium ferricyanide or red prussiate 
of potash,. It is also known as Gindin's salt, and contains oyanldo of 
potassium with ferric cyanide ; its composition is Fe(CN) 3 ,3KCN qv 
K 3 FoC g N g . Its crystals do not contain water, It is obtained from, 
the first by the action of chlorine, which removes one atom of tho 
potassium. A whole series of other ferrocyanic compounds correspond* 
with those ordinary Balts. 

Before treating of the preparation and properties of those two 
remarkable and very stable salts, it must bo observed that with ordi- 
nary reagents neither of thorn gives tho same doublo decompositions 
as the other ferrous and ferric salts, and they both present a series of 
rcmarkahlo properties. Thus these suits have a neutral reaction, aro 
unchanged by air, dilute acids, or water, unlike potassium cyanido and 
oven some of its doublo salts. When solutions of those suits aro treated' 
with caustic alkalis, they do not give a precipitate of ferrous or ferric 
hydroxides, neither are they precipitated by sodium carbonate. This 
led the earlier investigators to recognise special independent groupings 
in them, The yellow prussiat© was considered to contain the complex 
radicle Fe0 6 N 6 combined with potassium, namely with K 4 , and 
was attributed to the red prussiate. This was confirmed by tho fact 
that whilst in both salts any other metal, oven hydrogen, might be 
substituted for potassium, tho iron remained unchangeable, just as 
nitrogen in cyanogen, ammonium, and nitrates does not enter into 

v Some light may b© thrown upon tho faculty of Fo of forming various compounds with 
CN, by the foot that Pe not only combines with carbon but also with nitrogen. Nitride 
of iron Fe^N was obtained by Fowler by heating finely powdered iron in a stream o I 
NHg at the temperature of melting lead. j 
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double decomposition, being in the State of the complex radicles CNT* 
KH 4 , NO a . Such a representation is, however, completely superfluous 
for the explanation of the peculiarities in the reactions of such com*, 
pounds as double salts. If a magnesium salt which can be precipitated 
by potassium hydroxide does not form a preoipitate in the presence of 
ammonium chloride, it is very clear that it is owing to the formation 
of a soluble double salt which is not decomposed by alkalis. And 
there is no necessity to account for the peculiarity of reaction' of a 
double salt by the formation of a new complex radicle. In the same 
way also, in the presence of an excess of tartaric acid, cupric salts do 
not form a precipitate With potassium hydroxide, because a double salt 
is formed. These peculiarities are more easily understood in the case 
of cyanogen" compounds than in all others, because all cyanogen com* 
pounds, os unsatu rated compounds, show a marked tendency to 
complexity. This tendency is satisfied in double salts. The appear-* 
anco of a peculiar character in double cyanides is the more easily 
understood since in the case of potassium cyanide itself, and also in 
bydroqyfuiio acid, a great many peculiarities have been observed 
which are not encountered in those haloid compounds, potassium 
chloride and hydrochloric acid, with which it was usual to compare 
cyanogen compounds. Theso peculiarities Ixicome more comprehensible 
on comparing cyanogen compounds with ammonium compounds. Thus 
in the presence of ammonia the reactions of many compounds change 
considerably. If in addition to this it is remembered that the 
presence of many carbon (organic) compounds frequently completely 
disturbs the reaction of salts, the peculiarities of certain double cyanides 
will appear still lets strange, because they contain carbon. The fact 
that the presence of carbon or another element in the compound pro* 
duee® a change in the reactions, may be compared to the action of 
oxygen, which, when entering into a combination, also very materially 
changes th© nature of reactions. Chlorine is not detected by silver 
nitrate when it is in, the form of potassium chlorate, KC10 8 , as it is 
detected in potassium chloride, KCL Tho iron in ferrous and ferric 
compounds varies iu ifca reactions. In addition >to tho above-mentioned 
facts, consideration ought to be given to tho circumstance that tho 
easy mutability of nitric acid undergoes modification in its oJJcali 
salts, and in general the properties of a salt often differ much from 
those of the acid. BVery double salt ought to be regarded as a pecu- 
liar kind of saline compound ; potassium cyanide is, as it were, a basic* 
and ferrous cyanide an add, element. They may be unstable in tho 
separate state, but form a stable double compound when combined 
together ; tho act of combination disengages tho energy of the element#,, 
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and they, eo to speak, saturate each other, Of course, all this is not a 
definite explanation, but then the supposition of a special complex radio)® 
can cvon less bo regarded as such* 

Potassium ferrocyanido, K 4 FeC G N 6 , is very easily formed by mixing 
solutions of. ferrous sulphato and potassium cyanide. First, a white 
precipitate of ferrous cyanide, FeC 2 N 2 , is formed, which becomes blue 
oh exposure to air, but is soluble in an excess of potassium cyanide, 
forming the ferrocyanido. Tho same yollow prussiate is obtained on 
heating animal nitrogenous charcoal or animal matters— such as 
horn, leather cuttings, <fcc. — with potassium carbonate in iron 
vossols , 27 blfl tho mass formed being afterwards boiled with water with 
exposuro to air, potassium cyanide first appearing, which gives yellow 
prussiate. Tho animal charcoal may be exchanged for wood charcoal, 
permeated with potassium carbonate and heated in nitrogen or 
ammonia ; the mass thus produced is then boiled in water with ferric 
oxide . 28 In this manner it is manufactured on the large scale, and is 
called ‘yellow prussiate' (‘prussiate do potasso,’ Blutlaugensalz). 

It is easy to substitute other metals for the potassium in tho yollow 
prussiate. Tho hydrogen salt' or hydroforrocyanic acid, n 4 FoC u N fi , is 
obtained by mixing strong solutions of yellow prussiate and hydro- 
chloric aoid. If other bo added and tho air excluded, the acid is 
obtained directly in the form of a white scarcely crystalline precipitate 
which becomes blue on exposure to air (as ferrous cyanide does from the 
formation of blue compounds of ferrous and ferric cyanides, and it is 
on this account used in cotton printing). It is soluble in water and 
alcohol, but not in other, has marked acid properties, and decomposes 
carbonates, which renders it Easily possible to prepare ferrooyanides of 


57 1,111 The nulphur of tho animal rofu ho hero forma tho compound F©K8 9 , which 
by tho action of potaHairfm cyanide yields poLiiimium sulphide, thiocyanate, and ferro* 
cyan! do. 

28 PotaBBium forrocyanido may ahu> bo obtained from Prussian blue by boiling with a 
eolution of potassium hydroxide, and from the ferrieyenuk by the action of alkali© and 
radioing imbalances (because tho red prussiate is a product of oxidation produced by 
the action of chlorine: a ferric §alt is reduced to a ferrous salt), dro. In many works 
(©specially in Germany and France) yellow prussiat© is prepared from the mm s, con- 
taining oxide of iron, and employed for purifying coal gas (Voh L, p, 861), which 
generally contains cyanogen compounds. About 8 p.c. of the nitrogen contained in coal is 
converted into cyanogen, which forms Prussian blue and thiocyanates in the mass used 
for purifying tho gas. On evaporation the solution yields largo yollow crystals containing 
8 moloouloH of water, which ia easily expelled by healing above 100°. 100 parts of water 
at tho ordinary temperature arc capable of diaaolving 211 parts of this salt ; its sp, gr. ia 
1*88, Whom ignited it forma potassium cyanide and iron carbide, FeG.j (Chapter XIII, r 
Note 18). Oxidising auhalancoH change it into potassium fnmeyauidu. With strong 
sulphuric acid it gives carbonie oxide, and with dilute sulphuric “acid, when heated, 
prussic acid ia evolved according to the equation: 8K,,FeCflNfl + SHaSCh m K 2 Fc^C fl Ne 
-t-8ICj$0 #r b6HCN ; hence in tho yellow pruaaiat© K 2 replaces Fe. 
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the metals of the alkalis and alkaline earths ; these are readily soluble* 
have a neutral reaction, and resemble the yellow prussiato. Solutions 
of these salts form precipitates with the salts of other metals, because the 
forrocydnides of tho heavy metals are insoluble. Hero either the whole 
the potassium of the yellow prussiato, or only a part of it, is exchanged 
for an oquivalont quantity of tho heavy raotal. Thus, wlion a cupric 
salt is added to a solution of yellow prussiato, a rod precipitate is obtained 
which still contains half the potassium of tho yellow prussiato ; 

K 4 FeO 0 N fl + CuSO 4 « K a CuFeC 6 N fl 4K 2 S0 4 . 


But if the process be reversed (the salt of oopper being then in excess) 
the whole of the potassium will be exchanged for copper, forming a 
reddish-brown precipitate, Cu a FoC fi N 0 ,9H a O, This reaction and 
those similar to it are very sensitive and may bo used for detecting 
metals in. solution, moro especially as the colour of tho precipitate 
very often shows a marked difference when one metal is exchanged 
for another. Zinc, cadmium, load, antimony, tin,' silver, cuprous and 
aureus ( salts form white precipitates ; cupric, uranium, titanium 
and molybdenum salts reddish-brown ; those of nickel, cobalt, 
and chromium, green precipitates ; tenth ferrous salts, ferrocyanido 
forms, ns haw been already mentioned, a white precipitate- namely, 
aSFoO u N 0 , or FoC a N a — ■ which turns blue on exposure to air, and 
with ferric salts a blue precipitate called Prussian blue . Here the 
potassium is replaced by iron, tho reaction being expressed thus : 
2Fe a Cl 0 -p3K 4 FoO ti N 6 * I2KCl*bFe 4 Fe a O JH H, g) the latter formula 
expressing tho composition of Prussian blue. It is therefore the 
compound 4Fe(ON) <1 4*3Fe(ON) a , The yellow prussi&te is prepared in 
chemical work® on a large scale especially for the manufacture ‘of this 
blue pigment, which is used for dyeing cloth and other fabrics and 
also as erne of the ordinary bluo paints. It is insoluble in water, and 
tho stuffs arc therefore dyed by first soaking them in a solution of a 
ferric salt and then in a solution <»f yellow prussiato. If however 
an excess of yellow prussiale ho present complete substitution between 
potassium and iron does not occur, and soluble Prussian blue is 
formed ; KFc*(CN) 6 »b KCN i Fo(ON) 3i Fo(CN). v This blue salt is 
colloidal, Is soluble in pure water, but insoluble and precipitated 
when other salts— for instance, potassium or sodium chloride— at*© 1 
present even in small quantities, and is therefore first obtained as a 
precipitate." 


W Skr&up t>btn Inwl thb Rill both from poUmium f@| bhlorulo 
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Potassium ferricyaniclo, or red primiate of potash, K 3 FoC 0 N G , i® 
called ‘Gmelin’s salt;/ because this savant obtained it by the action 
of chlorine on a solution of the yellow prussiato ; K 4 FeC 6 N c + Cl 
cs K 3 VoC b N 0 + KCl. The reaction is duo to the ferrous salt being* 
changed by the action of the chlorine into a ferric salt. It separates 
from solutions in anhydrous, well-formed prisms of a red colour, but 
tha solution has an bliyo colour ; LOO parts of water, at 10°, dis- 
solve 37 parts of the salt, and at 100°, 78 parts. 30 The rod prus- 
siato gives a blue precipitate with ferrous salts, called Turnbull's blue, 
very much like Prussian blue (and the soluble variety), because it also 
contains ferrous cyanide and ferric cyanide, although in another proper- 


in both the ferric and ferrous* ktatan. With ferrous oUlorido jt forms Prussian blues, and 
with ferric chloride Turnbull’s blu®. 

Prmwlon blue was discovered in the beginning of tH© last century by & Berlin 
manufacturer, Dlesbaeh. It was then prepared, an ib sometimes U aha at present* 
directly from potassium cyanide. obtained by heating Ofttmal charcoal with pot&pfslum 
carbonate, Th@ mass thus obtained Is dissolved in water, alum k added to tha 
solution in order to saturate tho' free alkali, and then a solution of green vitriol k added 
which 1ms previously boon nuffloioutly exposed to tho air to contain both forne and 
ferrous Halts. If Urn solution of potassium cyanide bo mixed with a solution containing 
both salts, Prussian bine will bo formed, because it Is a -compound of ferrous cyanide, 
FoC*N 9i and ferric cyanide, Fe a OaN fl . A ferric salt with pouuwlum forrooyanid© forum 
a blue colour, because ferrous cyanide is obtained from the Bret salt and ferrio cyanide 
from the second. During fcba preparation of tills compound alkali must be avoided, am 
otherwise the precipitate would contain oxides of iron. Prussian blue has not a crystal- 
line structure ; lb forms a blue mass with a copper-red metallic lustre. Both adds and 
alkalis act on It. The action i« at first confined to the forrlo salt it contains. Tima 
•alkalis form ferrio oxide and fcrrocyanido In solution; 2Fc. lJ C t iN rt ,BFoC. i ,Nj P19KHO 
, m SfFe^O^nH.jO) + 0K 4 FeOflN(j. Various ferrocyaniden may thus bo proparmb Prussian 
blue is soluble in an aqueous solution of oxalic arid, forming blue ink, In air, when 
exposed to the action of light, it fades; but in tho dark again absorbs oxygon and 
becomes blue, which fact Is also sometimes noticed in blue cloth. An excess of potassium 
fcrrocyanido renders Prussian blue soluble in water, although insoluble In various ualin© 
lolutiomj—thafc is, it converts it into the soluble variety. Htrcmg hydrochloric acid alto 
’dLaiolvcs Prussian blue. 

80 An excess jf chlorine must not be employed in preparing this compound, otherwise 
f, th© taction goes further. Ibis easy bo find out when tha action of Urn chlorine oh potassium 
ierrocyanide must ©oft*©; it k only necessary to take a sample of tho liquid and odd a 
eolation of a ferric salt to Uu If a precipitate of Prussian blue ts formed, more ehlorino 
must be added, as there la etUHome undioom posed fcrrocyanido, for the ferricyanido 
doc® not give a precipitate with ferric salts. Potassium* ferrioyanlde, like the ferro* 
cyanide, easily exchanges its potassium for hydrogen and various metals by double 
decomposition. With the salts of tin, silver, and moroury it forms yellow precipitates, 
and with those of uranium, nickel, cobalt, copper, and bismuth brown precipitates. Tho 
lead salt under tho action of sulphuretted hydrogen forms lead sulphide and a hydrogen 
©alb or add, H s FcC tt N0, corresponding will; potassium furrioy&imlo, which is soluble, 

' WjrfftaUkefl in red needles, and resembles hydroforrocyanlo add, H 4 FoC 8 N fl . Under tlm 
Of reducing agents— for instance, sulphuretted hydrogen, copper— potassium ferri* 
Ayanid® kehanged into fcrrocyanido, ©specially in the pretence of alkalk, and thus form® 
a rather energetic m&Mrimg capable, for instance, of changing manganous oxide 

into dioxide, bleaching tissues, &o. 
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tion, being formed aooordirig to the equation: 3FeO! a + 2 K 8 FeO 0 N 0 
* 3 =s 6 KCl+Fe 3 Fo a O lSl Ni 2 , or 3FeC a ]N 2 ,Fe a O c ]$r 6 ; in Prussian blue wo 
ihave Fo 7 Cyi 6 , and here Fe 5 Cy, 2 , Aiarrio salt ought to form. ferric* 
^cyanide Fe a O 0 N 6 , with red prdssiate, but ferric oyanide is soluble,- 
and therefore tio* preoipitate is obtained, and the liquid only becomes 
'brown . 31 

If chlorine and sodium aro representatives of independent groups 
of elements, tho samo may also bo said o£ iron* Its nearest ana- 
logues show, besides a similarity in character, a likeness as regards 
physical properties and a proximity in atomic weight. Iron occupies a 
medium position amongst its nearest analogues, both with respect to 
properties and faculty of forming saline oxides, and also as regards, 
•atomic weight. On tho one hand, cobalt, 58, and ^nickel, 59, approach 

81 It In Important to mention a series of readily cryafcallifiablo salts formed l>y tho 
action of nitric add on potassium and other forrooyanidos and furrloyanides. These* 
Balt contain tho elements of nitrio oxldo, and are therefore oaHed. w7ro-(nifroso)> 
fenicydnitlM {nitroprimldti®). Generally a crystalline sodium Balt is obtained* 
Nftj,FeC A N 0 O,UH a O. In ita corapouitlon thia salt diffons from tho red sodium salt, 
Na 3 FoC ti Nfi, by tho fact that In Jt one molecule of sodium cyanide, NaON, la replaced bv* 
nitrio oxide, NO. In order to prepare it, potassium terrooyanid© In powder Ib mixed, 
with jdve.Boventhfi of ita weight of nitrio add diluted with an' equal volume of tvater. 
The mixture in at first left at tho ordinary temperature, and then heated yon & 
water-bath. Hero fcrrleyanldo in first of all formed (an shown by the liquid gjvingtu. 
prt*ci pi late with h- r roue ©blmulu), which then disappear© Ino precipitate with ferrous, 
chloride), and forum a green precipitate, Tho liquid, when cooled, dopodta crystals, 
•of nitre*. Tho liquid in then ^trained off and mixed with sodium carbonate, hoiled h 
filtered, and evaporated ; sodium nitrate and tho Balt dtjurrihiKl aro deposited in crystals, 
It separates in prisms of amt colour. Alkalis and is alts of tho nlkalino earths do not 
glve precipitates : they aro nalubte, but th© salt© of iron, tine, copper, and silver form 
precipitate si where aodium (h ©xelmngid with the#© metals, It is remarkable that tho 
©ulpklde® of the alkali mtUU give with this aalt an Internee bright purple coloration* 
Tills fitrles of ©ompouadfi wai dlooovcrqd fey Grudin and studied by Playfair and others 
( 1840 ). 

This mnrtea to a certain extent resembles th© nitro-eulphicl© sorifii desetfbtKl by 
BcnumSn, Here th© primary compound coneitk of black crystdi, which aro obtained m 
follow© flolullona of potatmlum hydros ulphld© and nitrate arc mixed, and the mixture 
Is agitated whilst fmio chloride la added, than boiled and filtered » on cooling, Hack 
crystals am depmiited, having the composition Fe„H A [lUnumborghor, aefcord** 

log to I>ehtrl, I'VNo.^NUjjH. They have a slightly metallic lustre, and are soluble in 
water, alc ohol, and ether. They alntnrb the latter us easily as calcium chloride absorb©, 
water, In the presenan of alkalis these crystals remain 'unchanged, but with acids they 
©voir© nitrie oxides. There am several compounds which are capable of Intern hangings 
and ©omwpond with Roustin'® salt. Here we enter into th© series of th© nifcrogim 
^©mpotmds which bav© been at y§t but little Investigated, and will most probably In 
time form moife inwtruetiv© material for studying th© nature of that cteroetit, Thee©, 
tarles of compounds are m unlike the usual taUnt compound# of In organ Jo ehemktry as. 
am organic hydrocarbon*. Thom is no ntctiSifty to d#wib© these strtes In detail, because- 
Umlr connection, with othei compound® it not yet dear, and they have not yet any 
application* 
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iron, 56 ; they are metals of a moro basic character, they do not form 
stable acids or highor degrees of oxidation, and are a transition to 
copper, G3, and ssinC, 65. On tho other hand, manganese, 55, and 
•chromium, 52, aro s tho hoarost to iron ; they form both basic and acid 
oxides, and* are a transition to the metals possessing acid properties. 
In addition to having atomic weights approximately aliko, chromium, 
manganese, iron, cobalt, nickel, and .copper have also nearly tho same 
specific gravity, so. that tho atomic volumes and the molecules of their 
analogous compounds are also near to one another (see table at tho 
beginning- of this volume). Besides this, tho likeness between the 
,above- men turned elements is also seen from tho following : 

They form euboxidos, ItO, fairly oncrgutic bases, iaombrphous with 
magnesia “-for instance, tho salt ltB0 4 ,7ir a 0, akin to MgS0 o 71I u 0, 
.and FeS0 4) 7Hg0, or to sulphates containing loss water ; with alkali 
sulphates all form double salts crystallising with GH a O \ all aro capable 
of forming ammonium salts, <feo. Tho lower oxides, in the cases of 
nickel and cobalt, ,are tolerably stable, are not easily oxidised (tho 
•nickel compound with moro difficulty than cobalt, a transition to 
copper) ; with manganese, and especially with chromium, they are 
•more easily oxidised than with iron and pass into highor oxides. 
They also form oxides 6f the form Xt a O g , and with nickel, cobalt, 
Sind manganese this oxide is votfy unstable, and is moro easily reduced 
than ferric oxide ; but, in the case of chromium, it .is very stable, and 
forms the ordinary kind of salts. It htisoraorphous with ferric oxide, 
forms alums, is a feeble base, &c. Chromium, manganese, and iron are 
oxidised by alkali and oxidising agents, forming salts like MauB0 4 | 
but cobalt and nickt'l aro difficult to oxidise ; their acids are not known 
with any certainty, and are, in all probability, still less stable than tho 
ferrates. Cr.Mu and Fo form compounds ItjCl ti which are like Fo a 01 a 
In many respects ; in Co this faculty is weaker and in Ni it has almost 
disappeared, Tho cyanogen, compounds, especially of manganese and 
cobalt, aft) very near akin to tho corresponding ferrocyanidm. Tho 
-oxides of nickel and cobalt are more easily reduced to metal than those 
of iron, but those qf manganese and chromium are not reduced mo 
• easily as iron, and the metals themselves are not easily obtained in a 
•pur© state ; they aro capable of forming varieties resembling east iron. 
The metals Cr,Mn,Fo,Oo, and Ni havo a grey iron colour and are very 
-difficult to molt, but nickel and cobalt can bo molted in tho reverb ern- 
-tory furnace and are more fusible than iron, whilst chromium is mora 
to molt than platinum (Dovillo), 'These metals decompose 
water,, but with greater difficulty as tho atomic weight rises, forming a 
-trausitiob to copper, whioh does not decompose water. All tho con* 
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pounds' of ttios& motals havo various colours** which aro sometimes very 
bright, ospocially. in tho higher stages of oxidation. 

Those motals of tho iron group aro often mot with together in 
nature. Manganese nearly ovorywhoro accompanies iron, and iron is 
always an ingredient in tho oros of manganese. Chromium is found 
principally as chromo irons fcono—that is, a peculiar kind of magnotio 
oxide in which Fo a 0 3 is replaced by Cr a 0 3 . 

Nickel and cobalt aro as inseparable companions as iron and 
manganese, Tho similarity between thorn oven extends to such 
remote properties as magnotio qualities. In this sorbs of motals wo 
Unci those which are the most magnotio i iron, cobalt, and nickel. 
There is oven a magnotio oxide among the chromium compounds, such 
being unknown in tho other series, Nickel easily bocomos passive in 
strong nitrio acid. It absorbs hydrogen in just tho samo way as iron, 
Tn short, in tho sorbs Or, Mn, Fo, Co, and Ni t there arc many points 
in counmux although there are many dilleroneos, as. will bo scon still 
more fc burly on becoming acquainted with col nil t and nickel. 

In nature cobalt is principally found in combination with arsenic 
and sulphur. Cobalt armnide^ or cobalt jywuw, CoA$ 2 , is found in 
brilliant crystals of the regular system, principally in Saxony. Cobalt 
glance, CoAn.jCoSy, resembles it very much, and 'also belongs to tho 
regular system ; it is found in Sweden, Norway, and tho Caucasus 
Kupfrrnlcktl is a* uiekel ore in combination with arsenic, but o[ a 
dillerent enmpnsil i«m From cobalt arsenide, having the formula NiAs j 
it is found in Bohemia and Saxony, It has a copper-rod colour and is 
rarely crystalline ; it in so called because the miners of Saxony first 
mistook it for an ore of copper (Kupfer)^ but were urmblo to extract 
copper from it, NkM glmm % NiS t ,NiA%, corresponding with cobalt 
glunca, ii alio known. Nickel accompanies tho ores of cobalt and. 
cohalt those of nickel, @o that both ruotats aro found together. Tho 
oros of cobalt aro worked in tho Caucasus in tho Government of 
Klbavetopnlsk. Nickel oros containing aqueous hydrated nickel silicate 
are Found in the Ural (Kovdansk), Large quantities of a similar oro 
are exported into Europe from New Caledonia. Both oru& contain 
about i ii per cent. Ni. CarnUrUc, (lB'>) a (Sin a ) 4 l where ItssNi 

and Mg, predominates in the New Caledonian oro. Largo deposits of 
nickel have b mn discolored in Canada, where the oro (m niokalous 
pyrites) in free from arsenic. Oohidfe ii principally worked up into 
cobalt compounds, butnbkol is generally reduced to the metallic slate, in 
which it is now often used for alloys— for instance, for coinage in many 
Eurcq>eim Ht-atcm, and for plating other metals, because it dues not 
oxidise. Cobalt arsenide and cobalt glance aro principally used for the 
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preparation of cobalt compounds ; they are first sorted by discarding? 
the rocky matter, and then roasted. During this process most of the 
sulphur and arsenic disappears j tho arsonious anhydride volatilises 
with tho sulphurous anhydride and tho metal also oxidises. It is a* 
simple matter to obtain nickel and cobalt from their oxides. In ordex* 
'to obtain the latter, solutions of their salts are treated -with sodium 

89 The residue hem tho roasting of cobalt ores in called %a$lor t and in often mot witl* 
In commerce. Prom tide the purer compounds! of cobalt may he prepared, Tho ores of 
nickel arc also first roasted, and the oxides dissolved in acid, nickolaua salts being them 
obtained. 

Tho further treatment of cobalt and nickel ores to facilitated if the arsenia can bo 
almost entirely removed, which may ho cftucluil by roasting tho oro a second time \vith t» 
small addition of nitre and sodium carbonate ; tho nitro combines with the arsenic* 
forming an avsenioue salt, which may bo extracted with water, Tho remaining mass !• 
dissolved in hydrochloric acid, mixed with a small Quantity of nitric acid, Ooppor, irooa* 
1 manganese, nickel, cobalt, (tee., pass into solution, By po«in& hydrogen sulphlclo 
through tli# solution, ooppor, bismuth, load, and arsenic or® deposited as metallic sul- 
phides; but iron, cobalt, nickel, and manganese remain to solution. II an alkaline solute 
tlon of bleaching powder be then added to tkp remaining solution, tho whole of tbA 
manganese will first bo deposited hi tho form of dioxide, thou tho oobalt as hydrat©& 
cobaltlo oxide, and finally tho nickel also. It to, however, impossible to roly on thtoi 
method for effecting a complete separation, tho more so ainco tho higher oxides of bh© 
• tliroo abovd*montionod metals hay© all a block colour; but, after a few trials, it will Iks 
, easy tofind how much bleaching powder is required to precipitate the mangonoso, 
tho amount which will precipitate all tho cobalt, Tho rmngtvncme may also bo separated 
' from cobalt by precipitation Irom a mix I arc of tho solutions of both motels (to tho form of 
tho 1 oub’ salti) with ammonium sulphide, and then treating the precipitate with aootio 
acid or dilute hydrochloric acid, to which manganese sulphide is easily soluble and o oh alt 
sulphide almost insoluble, further particulars relating to the separation of cobalt from 
nickel may bo found to treatises on analytical chemistry. In practice it is usual to rely oax 
tho rough method of separation founded earth© fact that nlolccl is moro easily roduood anil 
more difficult to oxidise than cobalt. Tho Now Caledonian oro Is smelted with CaSC >4 
and CaC0 3 on coke, and a metallic rcgulus is obtained containing all tho Nl, Pc, and 8* 
Tills is roasted with SiO a , which converts all the iron into slag, Whilst tho Ni remain® 
combined with the B ; this residue on further roasting give® NiO, which to roduood by tho 
carbon to metallic Nl. Tho Canadian oro (a pyrites containing 11 p. o. Ni) Is frequently 
treated to America (after a preliminary dressing) by smelting it with NoaSO* uuS 
charcoal; tho resultant fuaiblo No^B then dissolves tho CuS and PeS^ while tho NIB im 
obtained to a bottom layer (Bartlett and Thomson's process) from which Ni is obtained 
in the manner described above. 

For manufacturing purposes somewhat Impure cobalt compounds are frequently usefl* 
which are converted into This to gbits oontatotog a certain amount of cobalfe 

oxide ; the glass acquiree a bright blue colour from Mila addition, so that when powdered 
it may bo used as a bln® pigment; it is also unaltered at high temperatures, so 
that it used to take the place now occupied by Prussian blue, ultramarine, Ab 
present emalfc is almost exclusively used for colouring glass and china, To propard 
einalt, ordinary Impure cobalt oro (xaffro) is fused in a crucible with quarto and potassium 
1 carbonate, A fused mass of cobalt glass is thus formed, containing silica, cobalt ox Ido, 
i and potassium oxide, and a metallic mass remains at tho bottom o I tho crucible, con- 
taining almost all tho other metals,, or sonic, nickel, copper, silver, <fto. This *metoiHa 
xaaeo to eaUed ^gpetoi, and is used as nick©! or© for tho extraction of nickel. Smalt usually 
oottfeatos 70 p,o« of sOioa, flO p.e, of potash and coda, and about 5 to Op.o, of cobaltou© 
Igddct the romatoder consisting of other metallic oxides. 



855 


IRON, COBALT, NICKEL 

carbonate end tho precipitated 'oarbonates are heated ; the suboxicles 
are thus obtained, add these latter are reduced' In a stream o£ 
hydrogen, or even by heating with ammonium chloride. They easily 
oxidise when in the state of powder, Whed the chlorides of nickel 
and cobdt are heated in a stream of hydrogen, the motal is deposited 
in brilliant scales. JXfictiel in' always much more easily and quickly 
reduced than cohalt. Nickel molts more easily than cobalt, and this 
even furnishes a moans of testing the heating powers of a reverberatory 
furnace. Cobalt fuses at a temperature only a little lower than that 
•at which iron does. In general, cobalt is nearer to iron than nickel, 
nickel being nearer to copper. 92 ^ Both nickel and cobalt have mag- 
netic properties like iron, but Co ia lees magnetic than Fe, and Ni still 
less so. The specific gravity of hiokel reduced by hydrogen is 9*1 and 
that of cobalt 8*$), Fused cobalt has specific gravity of 8*5, tho 
donsity of ordinary iiiekol heihg almost tho same. Nickel has. a greyish, 
silvery -white colour ; it is brilliant and vci'y ductile, so that tho' flnopt* 
wire may bo easily drawn from it. This wiro has a resistance to 
tension equal to iron wiro, Tho beautiful colour of nickel, and tho 
high polish which it ‘ is capable of receiving and retaining, as it does 
not oxidise, render it a useful motal for many purposes, and in 
many ways it resembles silver. 32 trl It is now very common to cover 

All xvn know rnfipooting the ndutimu ot Or) and Ni to fro and Cu confirms tho 
fact lMt Co i« nicini doftoly vulattid to Fo ami Ni to Cu ; tuul as tho atomic weight ot 
»u m* &d and of Cu f*8, Hum aeudrdhjg to Urn prinoiplmi of tho yerioClin nyatnm it would 
ba expected that Urn afcmmu weight of Co would bo about BDrflC, whiktthat uf Ni uliould 
bo grantor Umu that uf Co but iota thou that of Cu, $,®> rtjbodfe $0:8—00*6, However, ft® 
yet tho majority of tho deterodaatume of tho otomio weigh ill .of Oo and Ni give a 
different mult tod show that a Jiawor atomic weight la obtained for Ni than for Ca 
Tima K. Wfnkkr (WW) obtained (employing mckds deposited eleetrefytieaUy and deter- 
tain lug tho amount of Mm® which eumbined with them) Ni » 80*79 and Co ■ 09*87 (if 
H » l and I ■ ;i8*5a)* la my opinion this should not bo regarded m proving that tho 
principles of tho perfatte eyttaa cannot b© applied in thin in stones, nor a§ a reason for 
altering tU6 position of then© elements In tho system (U. by placing Ni after Fe, and Co 
next to Cu), because In tho first phte© the fijproBglv@nhydiflom»fechcmititB (for instance, 
Zlniiminnuiiii, Krlhm, ami others) ern eotnewhiil divergent, and In tho second place tho 
majority of Uta latwt imnloa of determining the 'atomic weights of Co and Ni aim at 
finding what weight* of them mo tab rmot with known weights of othor elements without 
taking into eaaumtt tho faculty they have of absorbing hydrogen ; sine© this faculty is 
more developed in Ni than in Oo tho hydrogen (occluded In Ni) should lower Uio otemlo 
Weight of Ni mom than that of Co. On tho whole, tho question of the atomic 
weight* of Co and Ni tmm % yet be mxmlmml mi MM, aotoifthsteading * th« 
'imaurou® mMMohM whkh havo hmn modi i atUI there eon bo no doubt that tho atomic 
freight® of thee* two metals are very »§arly ©quid, and greater than that of Ft, but lose 
than tlrnt of Cu. Tide question is of great interest, not only for completing our know- 
ledge of Uinta metals, but alto for perftoUag our ^awl^dgo of tho ptrtedic system of tho 
fiWtucuts. 

For tnsite»c% the tOkaha maybe fused In niohtl vowels as well as in silVAF* 
biOOMO the£ have no action upon either motoh Niokal, like silver, is not acted upon b$f 
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sOfchor raotals with a layer o£ nickel (nickel plating). This is $<me by a 
process of electroplating, using a solution of a nickel salt, The 
•colour of cobalt is dark and redder ; it is also duotilo, and has a 
.greater tonsilo resistance than iron. Dilute aoids act very slowly on i 
nickel and cobalt; nitric acid may bo considered as tho best solvent I 
for them. The solutions in every case contain salts corresponding with 1 
tho ferrous salts — that is, tho salts CoX 2 , NiX 3 , correspond with the 
mhoxides of those metals. Those salts in their types are similar to tlio 
magnesium salts. Tho salts of nickel when crystallising with watotf 
Oh a vo a grocn colour, and form bright groon solutions, but in the anhy- 
drous stato thoy most frequently have a yellow colour, Tho salts of 
cobalt aro generally rose-coloured, and generally blue whon in tho 
anhydrous state. Their aqueous solutions arc rose-coloured, Cobaltous 
'chloride is easily soluble in alcohol, and forms a solution of an intense 
blue colour . 83 

•dilute adds. Only nitric aokl dissolves hath metals well. Nickel is harder, and fuses at * 
•n higher temperature than silver, For castings, a small quantity of magnesium (0-001 
part by weight) is added to nickel to render it mere homogeneous (just as aluminium is 
added to slonl). Nickel forma many valuable alloys. Stool containing 8 p.o, Ni is par- 
tioularly valuable, its limit of elasticity is higher and its hardness is greater; it is used 
for amour plate and other large pieces. The alloys of nickel, especially with copper and 
»! no (melohior, see later), aluminium and silver^ although used in certain eaiMii, are now 
replaced by nickel-plated dr nickel-deposited goods (deposited by electricity from a 
solution of the ammonium salts). 

33 Tho change of colour is dependent in all probability on tho combination with 
.■tfater, or according to others on polymeric transformation, It enables a solution of 
cobalt chloride to bo used as sympathetic ink. If something ho written with cobalt 
’chlorido on white paper, it will bo invisible on account of tlvo feeble colour of tho solution, 
and whon dry nothing can bo distinguished. If, however, tha paper he heated before tho 
to, tho roBO-onhmrod salt will ho changed into a loss hydrous bluo salt, and tho writing 
will become quite visible, hut fade away when cool. 

The change of colour which takes place in solutions of OoCl 9 under the influence not 
only of solution in wator or alcohol, but also of a change of temperature, is a character- 
istic of all tho halogen salts of cobalt. Crystalline iodide of cobalt, GoIaOHaO, gives a 
* dark rod solution between —92°* and 4 r iQ°; above '120° tlio salu Won turns brown and 

§ asses from olive to green, from 4 06° to 820 s the solution remains green, According to 
Itard the change of colour Is due to the fact that at tot the solution eon tain si tha 
hydrate OoIg!K 9 0, and that above 86° it contains CoXgrfHgO. Those hydrates can bo 
crystallised from the solutions; the former at ordinary temperature and the latter on 
heating tho solution, The intermediate ©live colour of the eolation® cotttipondi to the 
incipient decomposition of the hexahydrated salt and its passage Into OoI^H^O. A 
solution of tho hexahydrated chloride of cobalt, CoOlaflHgO, is rose-coloured between 
-22° and +25°; but tho colour changes starting from 4 25°, and pasta through all 
tho tints between rod and bluo right up to 80° ; a true bluo solution Is only obtained 
at 65° and remains up 'to 800°. This true bluo solution contains another hydrate. 
OoGlg&HgO. 

The dependence between tho solubility of tho lodido and chloride ©f cobalt and 
h6 temperature is expressed by two almost straight linos corresponding to the hexa* 
and di-hydrates; tho passage of the one Into the other hydrate being expressed by a 
tpurvo. Tho same character oh phenomena is Soon also’ in the variation of tha vapour, 
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If a solution of potassium hydroxide bo added to a solution of a 
cobalt salt, a blue precipitate of the basic salt will be formed. If a 

tension of solutions of chloride of cobalt with tho temperature. Wo have repeatedly 
eeen that aqueous solutions (for instance, Chapter XXIX., Notq 28 for Fo a Cl 0 ) deposit 
different crystalla-hydrates at different temperatures, and that tho amount of water 
in tho hydrate deoreasos as the temperature t rinos, so that it is not surprising that 
C0CJ39TT3O (or aeoerding to Potilitzin CoC] a II a O) should sopawito out abovo 85° and 
CoClaflXIyO at 26° and below. Nor is. it exceptional that tho colour of a salt varies 
according as it contains different amounts of H a O. But in this instance it is character* 
iatio flhafc tlm change of colour takes place in solution in tlio presence of an excess ol 
water. This apparently shows that the actual solution may contain cither CoCl Q 0H 3 O or 
CoOIgQHjjO And as we know that a solution may contain both metaphosphorio J?HO$ 
and orthophosphorio acid HgPO* •» HPOg+ H S Q, m well as certain other anhydrides, 
the question of the state of substances in solutions booomos still more complicated, 
Nickel sulphate crystallised from neutral solutions at a temperature of from 10° to 20° 
b rhombic crystals oonfeaining 7H a O. Its form approaches very closely to that of the 
dolls of sine and magnesium. The pianos of a vertical prism for magnesium salts are 
inclined at an angle of 00° HO', for eino salts at an angle of 01° 7', and for nickel salts at) 
an, angle of 01° 10'. Such in also the form of tho sr.ino and magnesium fjolenatos and 
chromates. Cobalt sulphate containing 7 molecules of water is dopoeitod in crystals 
of the monoclinie system, like tho aurrosiKniding salts of iron and manganese. Tho angle 
of a vertical prism for tho iron salt ^ 89° 90', for cobalt « 82° 92', and the inclination of 
the horizontal plnaeoid to the vertical prism for the iron salt 9fP 9', and for the oobalt 
©alt 00° 80' All the iaomorphoua mixtures of the salts of magnesium, iron, cobalt, 
nickel and manganese have tho same form if they contain 7 mol. H a O and iron or cobalt 
predominate, whilst if there is a preponderance of magnesium, sine, or nickol, tho 
crystals have a rhombic form like magnesium sulphate. lienee these sulphates are 
dimorphous, but for sumo the one form is more stable ami for others tho other. Brooke, 
Mens, Mitwhorlioh, lUttmmdHherg, and Marignao have explained these relation^. Brooke 
and Mitsehorlioh also supposed that NiBQ^U./) is not only capable of assuming these 
farm®, but also that of llm tetrityunal system, Ihicoumo it is deposited in this form from 
acid, and ©tqveoially from slightly-hcated jiolulfona (Hi)' 1 to 40"). But Marignae demon* 
elm ted that the tetragonal crystals do net contain 7, hut 0, molecrales of water, NiR04,6H a 0. 
It© also observed that a solution evaporated at 00® to 70° deposits raoncdlnie crystals, 
hut of a different form from ferrous sulphate, F©8Q4,?H 9 0-~namely, the angle of the 
prism la 71® It 1 , that of tho plnoeold 0* This talt appears to be the same with 0 
ad&Mahn of water m the tetragonal, Marignae also obtained magnesium and isiuo 
•alts with 6 mokeukfi of water by ©vajwating their solutions at a higher tem- 
perature, and these suite were found to fee isoraetphoufi with tho man oolinio 'nickel salt. 
In addition to this It must bo observed that tho rhombic crystals of nickel sulphate with 
7H 4 U become turlml under tho iidlmmce of heat and light, lose water, and change into 
the tetragonal ©alt. Tim mtmnolinia crystals in time also become turbid, and change 
their structure, «a» that the tetragonal form df this salt is Urn most stable. Let ns also 
add that nickel sulphate in all its shape* forma very beautiful emerald green crystals, 
which, whim heated to *400 assume tw dirty greenish-yellow hue and then ooutaln ona 
of water. 

XI ebb and Langlet and Lenoir obtained anhydrous C0BO4 and NiSO* fey 

Igniting the hydrated soli with (NH4PQ4, until Urn mmmilum malt had completely 
volaUUitd and decern pe®§&» 

We may add that whim equivalent aqueous solutions of NiX# (green) and OoX 2 (red) 
are mixed together they give m almost colourl®«a (gray) eeluMora, in which the green ami 
bed colour of the component parte dimppmri owing te tho ©ambinatiofe of tho oomple* 
mtntery colours. 

A double mh NiKFg Is obtained by beating Ni01 a wlthKPHFin a platinumioruciblei 
XGoF s is formed In a similar manner. The nickel salt occurs in fine gmn plates, easily 


air bo not completely excluded during the precipitation by boiling, tlie 
precipitate will also contain brown cobaltio hydroxide formed by tlxo 
further oxidation of the cobaltous oxide , 34 Under similar circumstances 
nickel salts form a green precipitate of nickdous hydroxide , the forma- 
tion of which is not hindered by the presence of auunonium salts, but* 
in that case only requires more alkali to completely separate tlxa 
nickel. The nickolous oxido obtained by heating the hydroxide, or 
from the carbonate or nitrate, is a grey powder, easily soluble in acicta 
and easily reduced, but the aamo substance may bo obtained in tho 
crystalline form as an ordinary product from the ores ; it cry stall [bob 
in regular octabodra, with a metallic lustre, and is of a grey colour* 
In this state the nickolous oxide aim oat resists the action of adds. 3 * bf» 

soluble in water but scarcely soluble iu ethyl att& methyl alcohol, They decompose Into 
,.groen oxide o< nickel and potassium fluoride when heated In a current of air. The 
analogous salt of cobalt crystallises in crimson flakes. 

If instead of potassium fluoride, OoGb or NitH<j bo fused with ammonium fluoride* 
they also form double salts with tho latter. This gives tho possibility of obtaining 
anhydrous fluorides NiFg and QoI*V Crystalline fluoride of nlolcel, obtained l>yr 
heating the amorphous powder formed by decomposing tho double ammonium salt I** 
a stream of hydrofluoric aold, occurs In beautiful green prisms, ip, gr, 4*08, which aro 
insoluble in water, alcohol, and ether; lulptmrie, hydrochloric, and nitric acids also havo 
no action upon them, even when boated; is§ debompouod by steam, with tho farm ca- 
tion of black oxide, which retains thd crystalline structure of tho salt, Fluoride of 
cobalb, obtained as a rOse-coloured powder by decomposing tho double ammonium salt 
with tho aid of hoab in a stream of hydrofluoric acid, fuses into a ruby-coloured mas® 
whioh bears distinct signs of n crystalline structure; up. gr. 4'48. Tho multtm oat 6 
only yolfttiilflos ab about lilOO 0 , whlah forms a clear distinction between C 0 F .4 and ilta 
volatilo NiFq/ HydroohTorio, sulphuric, and nitric acids art upon CoF a even in the oolct* 
althongh slowly, wln'lo when heated the reaction proceeds rapidly (Poulenc, 1 H 02 ). 

* Hydrated suboxido of cobalt (do SeliulUm, lflMQ) is obtained in tho following 
tnannor, A solution of 10 grams of CuCJ.j 0 lf 4 O In (10 o.e. of water is heated in a flask 
with 250 grams of caustic potash and a stream of coal gas is passed through tho solution* 
When heated the hydrate of tho suboxldo of cobalt which separates out, dissolves in tho 
causfcio potash and forms a dark blu© solution. This solution is allowed to stand for 
hours in an atmosphere of coal gas (in order to prevent oxidation). The crystalline mas® 
whioh separates out has a composition Oo(OH)*, and to the naked eye appears as a viol© 6 
powder, which is seen to be crystalling under tho microscope. The specific gravity of 
this hydrate is 8*097 at 16°. It doe© not undergo change in tho air; warm acetic acid 
dissolves it, but it is Insoluble fn warm and odd nolutlorm of ammonia and sal- 
ammoniac, 

84 bio Tho following reaction may be added to those of the cobaltous and niekeloua 
salts; potassium oyanido forms a precipitate with •cobalt salts which In soluble jfy an 
exoess of the reagont and forms a green solution. On boating this and adding a certain 
quantity of aoid, a double cobalt cyanide is formed which corrosponds with potassium 
ferrioyanlde’, Its formation is accompanied with tho evolution of hydrogen, and if* 
funded Upon th© property which total b has of oxidising in an alkilline solution, tho tie* 
velopmeht of* which has been-obsemd in such a considerable measure in the eobaUamlrxQ 
colts. The process which goes on here may he expreawd by the following equation 3 
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It is interesting to note the relation of the cobaltous and nickelous 
"hydroxides to ammonia ; aqueous ammonia dissolves the precipitate of 
cobaltous and nickelous hydroxide. The blue ammoniacal solution of 
nickel resembles the same solution of cupric oxide, but has a somewhat 
reddish tint. It is characterised by the fact that it dissolves silk in 
the same way as the ammoniacal cupric oxide dissolves cellulose. Am. 
monia likewise dissolves the precipitate of cobaltous hydroxide, forming 
a brownish liquid, which becomes darker in air and finally assumes a 
bright red hue, absorbing oxygen. The admixture of ammonium chloride 
prevents the precipitation of cobalt salts by ammonia ; when the am- 
monia is added, a brown solution is .obtained from which, as in the 
case of the preceding solution, potassium hydroxide does not separate 
the cobaltous oxide. Peculiar compounds are produced in this solution ; 
they are comparatively stable, containing ammonia ancl an excess of 
oxygen ; they bear the name cobaltoamine and cobaltiamine salts. They 
have been principally investigated by Genth, Frdmy, Jorgenson and 
others, Genth found that when a cobalt salt, mixed with an excess of 
ammonium chloride, is treated with ammonia and exposed to the air, 
after a certain lapse of time, on adding hydrochloric acid and boiling, 
a red powder is precipitated and the remaining solution contains an 
orange salt. The study of these compounds led to the discovery of a 
whole series of similar salts, some of which correspond with particular 
higher degrees of oxidation of cobalt, which are described later , 35 

GoC 3 N a +4KCN first forms Co&|C 6 N c , which salt with water, H^O, forms potassium 
hydroxide, KHO, hydrogetl, H, and the salt, K 3 CoC 6 N 6 . Here naturally the presence of 
the acid is indispensable in consequence of its being required to combine with the alkali. 
From aqueous solutions this salt crystallises in transparent, hexagonal prisms of a yellow 
colour, easily soluble in water. The reactions of double decomposition, and even the 
formation of the corresponding acid, are here completely the same as in the case of the 
ferrioyanide. If a nickelous salt be treated in precisely the same manner as that just 
described for a salt of cobalt, decomposition will occur. 

55 The oobalt salts may be divided into at least the following classes, which repeat 
them Bel ves for Cr, Ir, Rh (we shall not stop to consider the latter, particularly as they 
closely resemble the cobalt salts) 

(a) Ammonium cobalt salts , which are simply direct compounds of the cobaltous 
faults CoX 2 with ammonia, similar to various other compounds of the salts of silver, 
copper, and even caloium and magnesium, with ammonia. They are easily crystallised 
from an ammoniacal solution, and have a pink colour. Thus, for instance, when 
cobaltous chloride in solution is mixed with sufficient ammonia to redissolve the 
precipitate first formed, octahedral crystals are deposited whioh have a composition 
CoCl2,H a O,6NH 3 . These salts are nothing else but combinations with ammonia of 
crystallisation— if it may be so termed— likening them in thife way to combinations with 
water of crystallisation. This similarity is evidetrfc both from their composition and from 
their capability of giving off ammonia at various temperatures. The most important 
point to observe is that all these salts contain 6 maiecul® 8 of ammonia to 1 atom of cobalt, 
and this ammonia is held in fairly stable connection. Water decomposes these salts. (Nickel 
behaves similarly without forming other compounds corresponding to the true cobaltio.) 

(J) The solutions of the above-mentioned salts are rendered turbid by the action of 
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Nickel does not possess this property of absorbing the oxygen of the ai** 
when in an aramoniaoal solution, In order to understand this distinct 

tho air; they absorb oxygon and boeomo oovorod with a crust of oxyoobaltaniiiiQ sails* 
Tho lattor oro sparingly soluble in aqueous ammonia, have a brown colour, and arO 
©haractori&od by th w > t that with warm water they euofus oxygen , forming salts of th^ 
following category; Tho nitrate maybe taken as an example of this kind of salt; ifc^ 
composition in CeN 9 07,t5NH 3 ,H 3 C). It differs from cobaltouR nitrato, Co(N0 5 ) a , coxx* 
fcalning an extra atom of oxygen—thab is, it corresponds with cobalt dioxide, CoO*, f ** 
the same way that the first salts correspond with cobaltous oxide ; thoy contain 5, ant^l 
not 0, molecules of ammonia, as if NH 5 had boon replaced by 0,but wo shall afterward® 
moot compounds containing either CNIIj or GNH 3 to each atom of cobalt. 

(r) The luteocohaltic salts arc thus called because thoy have a yellow (lutou«) 
colour. Thoy are obtained from Urn Halts of tho first hind by submitting thorn in dilute 
solution to tho action of tho air ; in this case saltn of tho second kind are not formed » 
because they are decompound hy an excess of water, with the ovolutlon of oxygon atxtH 
the formation of luteoeobaUio imltn. By Ilia action of ammonia tho salts of tho fiftT* 
kind (roscioQol{«dtio) are u 1 hq converted into luleocobaltio salts. Those last-named aalfiv* 
gonomUy crystallite readily, and have a yellow colour \ they are comparatively muedt* 
more stable than the preceding one®, and ev«m for a certain time resist tho action of 
boiling water, Boiling aqueous potash liberates ammonia and precipitates hydraUicl 
eobaltio oxide, Oo^OsjBH^O, from them. This shows that tho luteocobaltic salts cart* a- 
ipond with eobaltio oxide, Co*0 3 > and those of tho second kind with tho dioxide* 
When a solution of luloocobaltto sulphate, GodH0 4 ) 3 ,19Nn 3 ,<lIl30, is treated witH 
baryta, barium sulphate is prodpitateil, and tho solution contains lutoocobnltics 
hydroxide, Co(On) 3l flNII 3 , which in soluble In water, is powerfully alkaline, absorbs* 
tha oxygen of the air, and whim heated is decomposed with tho evolution of am- 
monia. This compound therefore oomspondi to a solution of ©ebaHio hydroxide In 
ammonia, Tim lufeeoeohaUio salts contain 9 atoms of oobalt and 19 molecules of 
ammoala»-thafc is, 0NH s to each atom of cobalt, tike tho salts of the first kind- Tim 
CoX$ salts have a metallic tost®, whilst those of luteooobaU and others have a purely 
©siinc taste, like ih® salts of the alkali metals. In tho luleo-tinHs all tho X’s react (aril 
Ionised, as some chemists say) as in ordinary salts— lor instance, all tho Cl* is pre- 
cipitated by a solution of AgN0 3 ; all tho (H0 4 ) 3 gives a precipitate with IhiX*, 

Th© double salt formed with IHGI4 (a campoaad in the name maunor as tho potassium 
salt, K a PtCl|^9KCl i lHClj, that is, contains (CoCl 3 ,nNn 3 )*,lUkC] 4 , or tho amount o# 
chlorine in tho IHCI4 is double that in tho alkaline salt. In tho roaopontamino (c), ancl 
rosotolrnmine (/), Halts, also all the X’s react or are ionised, but in tho (y) and (A) salts 
only a portion of the X'« react, and they are equal to tho (0) and (/) salts minus water ; 
this meant* that although tho water dissolves them it is not combined with thorn, tv® 
BHQ 3 differs from PHjOji phenomena of this clan® correspond exactly to what ha# 
been already (Chapter XXX., Note 7) mentioned respecting tho green and violet salts of 
oxide of chromium, 

(d) mlU* An ammeniaetd solution of cobtdt salts acquires a brown 

oolou In the mr, due to tho formation of these Balts. They are also produced by the* 
decomposition of salt# of tho second kind } they crystallise badly, and ar© separated from 
their solutions by addition of alcohol or an excess of ammonia. When boiled thoy giv® 
up tho ammonia and eobaltio oxide which they contain, Hydrochloric and nitric acid® 
give a yellow precipitate with those salts, which turns red when boiled, forming salts of 
tho noxt category. The following is an example of tho composition of two of tho fusca-^ 
eobaltio salts, Oo a O(80 4 )„8NH a ,4H tt O and Co a O CL, 8NH S , 811*0. It is evident that tk® 
fusoooohaltlc salt® are ammonl&eal compounds of basic eobaltio salts. Tho normal ea* 
baltlo sulphate ought to have tho composition Co*(&0 4 ) 3 «■ Go*0 3 ,880 3 ; tho simplest 
bft&io eaUo w& he 005,0(804)^ « Co 9 0 3 ^i0 3 , and CoMBOJ m Co.A,80 s , The* fusoo- 
eobaltio salts correspond with the first typo of basic Halts. Thoy are changed (in con- 
centra ted solutions) Into ^xycobaltamino salts by absorption of one atom of oxygen * 
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tion, and in general the relation of nickel, it is important to observe ! 
that cobalt more easily forms a higher degree of oxidation—namoly, 

Co 3 O a (SD 4 ) 3 , Tho whole process of oxidation will bo as follows : first of all Co 2 X 4 , a 
oobaltoua salt, is in the solution (X a univalent haloid, 2 molecules of tho salt boing 
taken), then Co a OXn tho basic cobaltio salt (4th saries), than Co a 0 2 X 4 , tho salt of the 
dioxide (2nd series). Tho aortas of basin salts with an acid, QIIX, forms water and a 
normal salt, Co a Xfl (in fl, B, fl aortas). Those salts aro combined with various amounts of 
water and ammonia. Under many condi turns tho salts of fuscocobalt are easily trans- 
formed into salts of the next nnrieR. Tim salts of tho sorlos that has just boon described 
contain -1 molecules of ammonia to I atom of cobalt. 

( 0 ) T/io roscaeolmUia (op rosepentamine), CoXqH^OjBNHj, sdlts, liko tho lufcoo- 
©obaltio, correspond with tho normal oobaltio salts, but contain loss ammonia, and an 
extra molecule of water. Thus tho. sulphate Is obtained from cobaltoua sulphate 
dissolved in ammonia and left exposed to the air until transformed into a brown solution 
of tho fuftoooohaltlo salt ; when this is treated with aulphurio aoid a orystallino powder 
of the roseoacbaUta salt, CoqCROJs^ONHs^HgO, separates. Tho formation of this salt 
ie easily understood : cobaltoua sulphate in the presence of ammonia absorbs oxygen, and 
tho solution of the fuHcnncihaUta salt, will therefore contain, like eohaitmin sulphate, ono 
part of nulphurle arid to every purl of cobalt, no that the whole process of formation may 
bo otpreiiNeil by tho er|imtion : lllNJfs I ‘JC’oHO.i-t IT 4 HO 4 J 4lI a O + 0 Co.jfSO.ds.lONIJj, 
611 jO. Thin milt forma tetragonal crystals of a red colour, slightly soluble in cold, but 
readily soluble in warm water. When tho sulphate is treated with baryta, rosoocobaUio 
hydroxide la formed in tho solution, which absorbs tho carbonio anhydride of tho air. 
It is obtained from the next series by tho notion of alkalis, 

(/) The rvurtctrnminc cobaltio mils CeCl a ,aiI a D,4NIT 3 wero obtained by Jorgenson, 
and belong to the type of tho lnlt*o*soUti, only with the substitution of 2NII 5 for H a O, 
Liln> tho luleie and roneo-salla they givo double salts with I’lClj, similar to tho ulkalino 
double milt 11 , fur inetanco ((VjU a O, 4 NIJ 3 )i£(KOj).j( •ljVtCl.i. They are darker in colour 
than the preceding, but also crystallise well. They are formed by dimudving C 0 CO 3 in 
sulphuric acid (of a given strength), and utter NII 5 and carbonate of ammonium luwo 
been added, air is passed through the solution (for px id alien) until the latter turns red. 
It is then evaporated with lumps of earlumuto of ammonium, filtered from tho proeipi* 
tftteand rryntalUinxl. A salt of tho composition Co^CO^fBO.*), {UH a O,4NH 5 ) a is thus 
obtained, from which tb© other Malta may be easily prepawl, 

(y) Tim purpHrweobuUio units, CaXi.fiNHg, arc also products of the direct oxidation 
of ammoniac id nolutfoni of cobalt mIU* They or® easily obtained by heating the rose©* 
cabal tic and )uta*>mlta with strong adds. They or© to all effects the Mme as tho 
r©wrm©b« 4 tta salts, only anhydrous. Thus, for instance, tho purpureocobaUio chloride, 
CofCUlONII), or Co 01 <j, 6 NH§, Is obtained by boiling the ©xycobaltamine salts with 
Ammonia. There hi the same distinction between these salts and the preceding ones as 
between Urn various onmpnuml* of cobaltou® chloride with water. In tho purpuroo- 
eobaltic mdy X*, out of Urn X 3 react (are Ionised) To tho rouotolrumino salts (/) Micro 
oom>«(H 4 iul tin* jiurjturcuMramwfi aaUa.CoXaU/MNH:}. The corresponding chromium 
|mrpurin»jrt »il»imiim salt, (.’rtil-.tiNHs is obtained with particular ease (Christensen, 1B03). 
Dry anhydrous chromium chloride (s treated with anhydrous liquid ammonia in a 
froMlng mixture composed of liquid C0 3 ami chlorine, and after some time the mixture 
It* taken out of the faMfttag mixture, m that the excess of ‘NII$ boils away; the violet 
crystal* then tomutUataly acquire the rod colour of the wit, CrCl^SNHs, which la formed, 
The product It WA»h*d with water (ta extract the lutao-ttU, Cr04,6NH 3 ), which does net 
dissolve the mil, and it Ji then Maryttalltod from a hot wlutlen of hydrochloric aoid. 

(h) The prammibaUic mil % 0eX s ,4NH fT , are green, and form, with respeot to tho 
Jrofetetramimi Malta (/), the products of ultimate dehydration (far example, like meta* 
phtMplinrin acid with respect to ortUophoaphorlc acid, but in dissolving in water they give 
neither rosetatraminc nor tatramine salts, (In my opinion ono should expect salts with 
a still fmaltar amount of NH*, of the blue colour proper to tho low hydrated compound® 
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mquicmide of cobalt , cobaltic oxide , Co 9 O a — than nickel, especially ***. 
the presence of hypoohlorous acid. If a solution of a cobalt sal^ ^ 

of cobalt ; the greon colour of live ittmoo-s&Ufl already forma a step towards tho t >*****2 
Jbrgonson obtained salts for ethylenc-diaminc, N^CaE, which replaces 2NI1« 
being kept ft long time in aqueous solution they give roactetramlno salts, just as 
phosphoric add givm ©rthopbosphorie acid, while tho ro&otetramlno salts are oonv^ r ^' ; ^ 
Into pra#©o*ealfe@ by Ag s O and NaHO. Hero only one X la ionised out of the X a . OF 
m alto basic folia of fell® same typo; but the beat known is the chromium ealt called iUm 
fhodouodiromto salt, Cr a (GH) a Cl S) 6NE^aE s O, which is formed by tho prolonged ckOt* 3 ** 
of water upon tho corresponding rasieo-ealt.* 

Th© ©obalfeamino compounds differ etmmitially but littl© from tho aramoniaoal cK- 4 *®*'" 
pounds of other metalm The only difference is that hero the cobalfclo oxide is ohud*^-^ 
from tho cobaltons oxide in the prcflonoe of ammonia. In any ease it ia a simpler qu u » t * 4 * ^ 
than that of the double cyanides. Those forces in virtue of which such a con8idar«a*l*to 
number of ammonia molecules are united with a molecule of a oobalt compound, IMPI***** 
tain naturally to the series of those slightly investigated forces whiob exist oven in <■***• 
bightife degrees of ootnhinatiem of the majority of elements. They are tho same ft******* 
which lead to Um formation ©f^ compounds containing water of crystallisation, Aowbl« 
calte, twmorpheui mixtures and complex acids '.(Chapter XXI,. Not© 0 bis), Tt*# 
timpkst ©emcepiion, according to my opinion, of cobalt compounds (much mere so 
by attorning special complex radicles, with Sehlff, Welteten, Claus, and others), m*y 
formed by comparing them with other ammoulaeal products. Ammonia, like water, c>«3**** 
bines in varum® proportions with a tnultitude of molecules. Silver chloride and 
chloride, just like cobalt oldoridii, absorb ammonia, forming compounds which are 
times slightly I table, and easily dissociated, sometimes more stable, in exactly the a*M*** # 
way m water combines with curtain trabstenecB, forming fairly stable compounds o*4-l*wfl 
hydroxides or hydrate®, or loss stable compounds which or® called .compounds with w tat«* 
of eryiteUlsatlem Naturally tho difference In the properties in both oases depend n <=m» 
tho properties of felloe elumente which enter into the composition of the given aubeU^***^* 
and on those Wads of affinity toward® which chemists have not as yet turned 
attention. If boron fluortdo, silicon fluoride, &a,, combine with hydrofluoric eaW# 
platinio chloride, and ©von cadmium chloride, combine with hydrochloric acid, tdhmn*** 
commands may bo regarded as double salts, because acids are salts of hydrogen* 
evidently water and ammonia have the name sallno faculty, more especially as they, iihto* 
haloid acids, contain hydrogen, and are both capable of further combination — for in»tda»-« 
amnmnia with hydrochloric acid. Hanou It is simpler to compare complex ammonl^Al 
with double salts, hydrates, and similar compounds, but the avwnonichmo tallic wmISm 
present a most complete qualitative and quantitative resemblance to the hydrated 
Qf metals, Tho corapaalUon of the latter is MXnmll^O, where M ■ motal, X «» 
hakid, aimplo or implex, and n and m tho quantities of the haloid and uo-o&Uod w «a*«wr 
nf arytfcaiysatoa r§»p#etfv®ly. Tho competition of tho aramoniaoal salts of f** 

The water of crystallisation fa hold by tho salt with more or less stability* ***& 
oom© salts mm do mi retain ifcafe all; some port with water easily when exposed to the* mitr* 
ethers when boated, and then with difficulty* In the ©as© of tome metals all the salt® «a«**«*- 
bin© with water, whilst with efehtra only a tew, and th© water so combined may than few* 
m®3l y disengaged. All teds applies equally well to tho ommoniooat salts, and therefore feta* 
combination of ammonia may bo termed the ammonia of crystallisation. Jusfc m fUte«t 
water which Is oorabined with a salt is held by it with different degrees of force, bo it to witli 
ammonia. In combining with SNHs, IHGlg evolves $1,000 cals. ; while CaCJlg only «m,*l wm?m 
14,000 Oftbi. | and the former compound parts with its NH S (together with II Cl In t&*4* 
mm) with more difficulty, only above §00 a , whil® the latter disengages ammonia at liltl “** 
JkGl^iSNHa la forming EnOl®, 4NH 3 evolves only 11,000 oala., and splits up again lotto 
Ite mmwmmin at #0®. The amount of combined ammonia is as variable as th© am©u&4 
of tteter ;Of e^etaUihatlon-dor fcuitea©©, anI 4 8NII a ,GrGlaBN^GrCl36NH a ,GrOUbHtt^ 
^tO)f4H^ fee. ato known. Very often NH* fa replace able by OH9 and conversely, 
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mixed with barium carbonate and an excess of hypoohlorous acid bo 
added, or chlorine gas bo passed through it, then at the ordinary 

colourless, anhydrous cupric atilt— for instance, cupric sulphate— 1 when combined with 
water forms blue and green salts, and violet whop combined with ammonia. If steam bo 
passed through anhydrous copper sulphate llio salt absorbs wator and becomes heated ; il 
ammonia bo substituted for tho water the boating becomes much more intense, and llio 
salt breaks up Into a fine violet powder. With water CuSO^GItjO is formed, and with 
ammonia CbiHO,„riNn s , tlm number of water and ammonia molecules retained by the 
salt being the name in each r atio, and an a proof of this, and that it is not an isolated 
coincidence, the romurkuhlo fact must ho borno in mind that wator and ammonia con* 
•ooulivnly, molecule for molecule, are capable of supplanting each other, and forming tho 
compounds GuHO^fiU^O, Cu8O. 1( 4H a 0,NH 3 ; Cu8O a ,8H a 0,9NH 3 ; CuSO 4l §H a 0,8NH 5 ; 
CuHG. |l ir a O,4NH 3l and CuB0 4 ,f}NH 3 . Tim last of these compounds was obtained by 
Homy Itese, and my experirrUmU! have shown that more ammonia than this cannot bo 
retained, By adding to a strong solution of cupric sulphate sufficient ammonia to 
dissolve the whole of tho oxide precipitated, and then adding alcohol, Boraoli us obtained 
tho compound ChiS0 4 ,II./),4Nn 3l <l'e. The law of substitution also assists in rendering 
those phenomena clearer, hemmm a compound of ammonia with wator forms ammonium 
hydroxide, Nil, inland therefnre Lheuo juoleeulen combining with one another may also 
Interchange, an being of e«pml value. In general, those salts form stable amumuhund 
compounds which urn capable of forming stable compounds with wator of crystallisation; 
and as ammonia is capable of combining with acids, and as some of tho salts formed by 
slightly onergatto bases in their proportion morn closely resembl® adds (that is, salts of 
hydrogen) than those salts containing mom energetic baw, wo might ©xpoot to find 
mom stable and mom tmmly.formod ammcmio-mctallio salts with motels and their 
oxides having weaker basic propertied than with those which form energetic bases. Thk§ 
explains why the nulla of jMitaRaium, barimu, &«*., do not form auimonio-metallio tmltw h 
whilst tlm ualbi of silver, copper, vine, Ac., easily form thoitt, and the salts UX 3 still 
mure easily and with greater stability. This consideration also accounts for the grouk 
stability of the at mimn local compounds of cupric oxido compared with those of silver 
oxide, since Urn former is displaced by Urn latter. It also enables us to row clearly lh& 
distinction which in tin* stability of tho oabaltaniiuo salts containing Balls eorro* 
ponding with rohalteu* oxid«, and those oamispomling with higher oxides of cobalt* 
for tho latter are weaker haws than oobaltooi axidss. The nature of the forem 
and quality aj the phmommn mourning during ths formation of ths mmt UM§ mb* 
$ltwm§, mid ttftuck compound® a® cryttUillimbk compound®, am m%$ and tho mime, 
although perhaps rnktUM in a different degree, This, in my opinion, may be bteb 
©bfoflrmad by examining tho compounds of .carbon, htoane© for this element the nature 
of tlm forces acting during tho formation of its compound® is well known. Let us take 
an an example two unstable compounds of carbon. Acetic acid, GaH 4 O a (upoaiflo gravity 
I'Ofl), w ith water forma Urn hydrate, CalLOj.IIjO, denser (1*07) than cither of tho com- 
ponent a, but umstidde and easily tWnmpomid, generally simply referred to us a 
solution. Huch nhu m tho ftyntelhuu compound of oxalic acid, C4II.4O4, with water, 
C a n^O,,UH 3 G, Their formation might bo predicted as starting from tlm hydrocarbon 
Cjlfy, in which, as m any oilier, tlm hydrogen may bo exchanged fur chlorine, tho 
wator residue (hydroxyl), &o. Tho first auhatilution product with hydroxyl, CaHg(HO), 
in akhk i il mu Im distil hid without alteration, resists a temperature higher than 100% 
and thin dobs not givm off water. This li ordinary alcohol. Tho woemd, OaH^HC}*, 
eau aliio be dktdled without ©hang®, but oaa b© doeompoaod into water and CfKtO 
(ethylmm oxide or ahtehy&o) } It bolls at about 197% whilst thi first hydrate boils at 78% 
a difference of atemt 10tr Tim compound O^jfHO), will bo tho third product of rnrnh 
•uhnliliitinit ; it ought t«» boil at about W0% but dots not waist this temperature— it do- 
OomiKiMM into II jO and Cjl^Og, where only one hydroxyl group remains, and tlm other 
atom of oxygen U left in the sam© condition as in ethyler.o oxido, CjjI^O. There is a proof 
Of this. Glycol, 0,11,010),, hoik at 187% and forms water and ethylon© oxido, which 
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temperature on shaking, the whole of the cobalt will bo separa.*^* 
in the form of black cob&ltio oxide : 2CoS0 4 + C1HO + 

t)Mil„ ut IS" (aldehyde, ltd iflomorido, bolls at 21“) ; thorotoro tho product disengager! l '* 
tht» splitting up of tho hydrate bolls at 184° lower than tho hydrate CgH 4 (HO)o. 
thf hydrate C 3 H 5 (IIQ) 3 , which ought to boil at about 800°, splits up in exactly tho ********* 
way into water and tho product GgH.lOg, wbteh boil® at U7°~ that is, noarlv 188° Jr»«*** r 
Uian tho hydrate, OgH 3 (IIO) 3 . Bub this hydrate splits up before distillation, 4*** 
above-mentioned hydrate of acetic acid te such a deoomposablo hydrate— that f»* 
my, what is called a solution. Still loss stability may be expected from tho follow®**^? 
hydrates. cyig(Itn) 4 also splits up Into water and a hydrate (it contains two livclr*-* 5 * 
grtmpu) rnlh'il glyeollin acid, C-jllgO(IlO). 2 nC a lh,0 3 . Tho next product of substitut***** 
will he 0. 4 H( IK >)n ; it splits up into water, H. 2 0, and glyoxylio acid, CgH 4 0 4 (tH*'®***’ 
hydrnxyl group**)- Thu hud hydrate which ought to bo obtained from CgH 0 , and 
te rotilaiu (*j(HO) m in the crystalline compound of oxalio acid, C 2 Hg0 4 (two by tl r *» m ^ * 
gri»up5i)» and water, tlHgO, which has been already mentioned. Tho hydrato 0^(1 
»-GjtI,0 4l UHi n f ought, according to the foregoing reasoning, to boil at about 
(Mans© ten hydrate, C a H 4 (HO)g, boils at about 300°, and tho substitution or 4 hyar«*»F* 
flwupt for 4 atom® of hydrogen will mist the boiling-point 400°), lb does not realist 
tem|w*mtuw, but at a much lower point splits up late water, QH s O, ana tho hytir*®*** 1 
CgO t (HO) t , which ia ala® capable of yielding water. Without going into further ^4*^** 
cutwirm of this subject, it may bo observed that the formation of tho hydrates, or r* ***** 
Founds with water of crystallisation, of acetic and oxalio acids has thus recniv®*! «■*** 
air mute explanation, illustrating tho point we desired to prove in affirming that «.•*••*** 
|iuufi«U with water of crystallisation are held together by the same forces a® those wh**-^ 
act in Urn formation of other complex substance®, and that the easy dlsplacenV**!®^^ 
of the water of crystallisation it) only a peculiarity of a local character, ami «**** 
ft radical point of distinction* All the above-mentioned hydrate®, G<iX e , or 
duet* of their totruetimi, oxo actually obtained by the oxidation of tho first by il *•*«***. 
€*H s (HO), or common alcohol, by nitric add (Bokoleff and other®). Hence the f»r 
which inducts suite te combine with nHgO or with NH 3 are undoubtedly of the 
order m the forces which govern iho formation of ordinary ‘atomic 1 ’ and ualin® r- ♦»*«•** 
pounds, (A great Impediment in the sLudy of the former was caused by tho otmvte 
which reigned In tho sixties and seventies, that * atomic* were essentially cl liter***** 
from 'molar alar’ compounds like cryutoHoliydrateB, in which it was assumed 
there wars a combinat ion of entire molecule®, as though without tho participation af 
♦terms furersj If the bond Uttwocn chlorine and different metals In not equally 
ft® aW the bond uniting »iU 2 0 and nNfH,\ in exceeding variable; there is nothing %#»•'* If 
fturprisitig in this. And in the fact that tliu cumhinuLioo of different amounts of 1M I i % 
And 11,0 alter® tho capacity of tho haled ds X of tho salts XtX a for reaction (for iiialM.**^**** 
In itus iutfo-iiftlte all ih® X*, white la the purpurea, only a out of the 8, and In tho pris***»*' 
toll* only % of th© 8 X*® rvnote), wo should mm In the tot place a phenomenon simst* # 
te whit m mist with in QtyCHf (Chapter XXI.., Note 1 bis), for in both instance® tho 
cd the dttertm Mm in the removal of waWifc; a molecule RGl a ,GH a O or RCl^tM 
♦entafot ih* lmte|pn in a perfectly mobile (ionised) state, while In tho moteciMte* 
ECliAH^C or RGI&&NH3 a portion of tho halogen ha® almost lost itsfaoulty for ruar-t'»*.>rf 
with AgN0 3l just m mejtekpdoal chlorine has lost this faculty which ig fully develops^! »*» 
iho edderanhydride. tin til tho reason of this difference be clear, wo cannot export ttassS 
ordinary points of view and generalisation can give a dear answer. However, wo ^ 
ftasurne that here the explanation lie® in tho nature ami kind of motion of tluratomm in U^a 
mdi^uteft, although as yet it h not dear hew. Nevtirtholoss, I think ib well to «'*».&! 
iMMtUoa again (Chapter I.) to the fact that the combination of ^yator, and hence, mJw * 4 
any nfehtr iihwinmi, leade to most diverse conaequencos ; the water In tho gelatl#*^^« 
hftote nf slnntina nr In Urn ftecahydratod Olauber gait in very mobile, and easily 
t|ho wat#r te ft frto otete ? but the same water combined with oxide of calcium, or 
(for iwknet, In and In OiH^O), or with Fg0 3 , hoe bccomo quite different, amt mtm 
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»Co 2 0 3 4* 2BaB0 4 4 HCl + SCOa. Under those circumstances nickelous. 
oxido doos not immediately form blaok sesquioxid©, but after a consider- 
able space of time it also separates in the form of aosquidxido, Ni a Og, 
but always later than cobalt. This is duo to tho relative difficulty of 
further oxidation of tho niekoloua oxido. It in, however, possible to 
oxidiso it ; if, for instance, the hydroxide NiIL/) u bo shaken in water 
and chlorine gas ho passed through it, then nickel chloride will ho. 
formed, which is soluble in Water, anti insoluble niekelie oxide in tho 
form of a black precipitate: 3NilI 3 O a + Cl 2 «3SfiCl 2 4Ni 2 0|,3H§0. 
Nickclio oxide may also bo obtained by adding sodium hypochlorite 
mixed with alkali to a solution of a nickel s&lb. Niokdio and oobaltio 
hydrates are black. Nickclio oxido evolves oxygen with all acids, and 
In consequence of this it is not separated as a precipitate in tho presence 
of acids ; thus it evolves chlorine with hydrochloric acid, exactly liko 
manganese dioxide. When niekelie oxide is dissolved in aqueous 
ammonia it liberates nitrogen, and an aiumuuuteal solution of nickelous 
oxido jh formed. When heated, nickclio oxido loses oxygen, forming 

longer acta hk« water In a free ntate. ©#§ Um earn® ph©nmn©n«>» in many other 
Otitn.ii— far example, tho ehlorim? la chlorates no longer gives a precipitate of chlorate of 
silver with AgNOfl, Thus, although tho 'instance which in found fa tho difference 
between tho nnuttv nnd piirpuroonuits dcaorvim la l«* fully studied cm account of Ha sim- 
plicity, at ill it la fn.v from being exceptional, nnd vm earned expect it to La thoroughly 
oxplnimnl ltnloim u nmtjw of uimitar instance,!, which are exceedingly common among 
chemical CM>niu»untUi, ho conjointly explained, (Among tho rtmo&rrhi’S which add to 
our knowledge reujH'c ling tho complex fttnmmiiaenl compounds, I think it imhujHmmhlo 
to call Urn muter'a attention to Prof. KnurimkofTM diaiwrUtiou * On complex metallic 
iHun.) 

XonrimkoR (IM04) allowed tho solubility ©f Urn luteo-saB, O 0 QI$fiNH 3t *H 0 # 
*»4 SO (per 300 of water), at that in poMlng Into the MM9»Mtt,Cto(^H«O0NHfe 

the solubility thm &mvid«r*bly» and at and S0*» about ST, wMW the 

pasnap lute Um pttrpur* 0 »Mt)ti 1 # MXMMXfMUiiftd by a gtmt fall to ths 

solubility, mwrndy, at 0® »0*8S, mu\ at SO 0 ®* about 0‘$. And at oiyttallohytlralaa with * 
smaller amount of water art usually mor# soluble than the higher erystaUohydratea (L# 
ChAlolInr),’ whilst hem wo find that tho wlubtlity falls (ha tho purpurea- mU) with a tern 
of water, that water which la contained in tho roamnialt cannot be compared with tho 
water of cryptidlinatiou. Knurnakoff, tlmretere, ©aariccte tho fall In solubility (in tho 
passage of tho roMoo- into tho purpurtmoialU) with tho awompnnying ion® In tho reactive 
capacity of the chlorine. 

In lotjchiumn, it may ho observed that tho elements of Lhw eighth groups that la, tho 
analogue® of iron ami platinum* 'according te my opinion, will yield moat fruitful result® 
when studied m te combination® with wholu molecules, m already ahtwa by Urn examples 
of complex ammrmbwaJ, oyauogeut nitro*, and otlnm compounds, which art easily formed 
In thf$ eighth group, and m rcnmrkabte for fch#ir liability, Thii faculty of tho 
of th*? eighth group ter terming the eoraplex mnpimmte alluded te, hi in all probability 
cemnreted with the pcwltlon which the eighth group occupiea with regard to tho cdhurt, 
Following the anvonth, which terra® the type BX?, it might be eipnotid to contain tho 
mo 4 complex typu, IiX g . TUte I® met with in GtO*. Thi other otementa of th© eighth 
group, however, only term Urn lower typ«i BX^, BX$, BX 4 .... and thwc accordingly 
should Ihi «?x|M»cti>d to aggregate U»#ms®lv@® late tho higher typoa, which iu aooom- 
ptialmd in tho formation of the above* mentioned complex compound®, 



in acefcio acid without th© ©volution of oxygen. 3 ® b J ® But ordinary 
especially on heating, ©volve oxygen, forming a' solution of a oobalfco**# 
ealb. The progene© of a oobaltio salt in a solution of a cobaltoua 
may be detected by the brown odour of tho solution and the WUfcd* 
precipitate formed by the addition of alkali, and also from tho fact tJbufc* 
such solutions ovolvo chlorine when heated with hydrochloric 
Oobaltio oxide may not only be prepared by the ubove-montioaac^i 
methods, but also by heating cobalt nitrate, after which a steel-colour^S 
■mass romains which retains traces of nitric acid, but when 
further to incandescence evolves oxygen, leaving a compound oM 
oobaltio and oobaltous oxides, similar to magnetic ironstone. 

(but not nickel) undoubtedly forms besides OogC 3 a dw%id& OoOf 
This 1® obtained m when the ©obaltous oxide is oxidised by iodiao 
peroxide of barium, 19 


JtehaU ( 1801 ) obt&taec! eobaltlo sulphate, Oa^SO^lBHaO, by the notion of km* 
electric flumut upon a strong solution o f C0UO4. 

83 Tho action of on alkaline hypochlorite or hypobromlte upon a boiling eoluti«*tt rrf 
eobitltous salts, according to Bchroodorcr (1K80), produce® oxides, whoso oompowitio'f* 
varied between Qafli (Roso'a compound) and Co,Oj, and also between Cc^On 
Go^O,#. XI caustic potash and then bromine b© added to the liquid, only Co^O* I* 
formed. Tho action of alkaline hypochlorites or hypoteromitae, or of iodine, 
cobidiio salts, gives a highly*coloured precipitate which ha® a different colour u% 
hydrate of the oxide C%(OH)^ According to Carnot tho precipitate produced hy tUm 
hypochlorites has a composition Co^O,®, whilst that given by iodine in the prwieno** »€ 
cm alkali contains a larger amount ©f ©xygon, Fortmann ( 1801 ) r«inva»tigatei»l tfeu* 
composition of tho higher oxygen oxide obtained by iodine in the presence of alkali, **» 4 t 
found tln\t tee greenish precipitate (which disengages oxygon when heated to XfHl 
corresponds to th© formula OoO a , The reaction must bo expressed by the equiktio** 5 
CoXa + I® + 4 IOIO « C0O3 + 9 KX + SKI + 9 X^ 0 . 

37 Prior to Fortmaan, Eousseau (1880) endeavoured to solve the question «u» fet 
whether OoO a was able to combine with bases. He euoooedod la obtaining a 
compound corresponding to this oxide. Fifteen grArai of BaC 1 * or BaBr* are tritar^t^f 
with M gmrns of oxide of barium, and the mixture heated to redness in a clow***! 
platinum enwlblo ; 1 gram of oxide of cobalt ia then gradually added to tea fused m 
fate addition, of oxide Is accompanied by a violent dliengafemmt of oxygen* At tm- r «t 
teort time, however, tee mm fuses quietly, and a salt itettes pM the bottom of tUm 
uruolblo, white, when freed from th© .residue, appears m Mate hexagonal, very WiXIim%%% 
crystals 3 te dissolving in water this substance evolves chlorine { Ct® ©ompoidtlan 
epon&e te the formula 9 (O© 0 ®)Ba<X If the original maw he nested for a long % i vwm* 
(40 hour®), tho amount of dioxide in th© resultant mass doeveaeos* Tho author 
talnod a neutral salt having the composition CoGyBaO (this compound »Ba 0 *O<-#O| 
by breaking up the moss as It agglomerates together, and bringing tho ptaoea im$m 
hontaet with th© more heated surface of th© oruolhlo, Tide salt ia formed between thm 
temewhat narrow limits of temperature 1,000°— 1,100° ; above and below these limit* 
compounds richer or poorer in Co0 3 aro fanned. The formation of C0O9 by tho ew&ttem 
id B& 0 &, eud tee easy decomposition, of Qo 0 3 with th© evolution of oxygen, give {mim. 
t<a telito| teat it belongs tq the class 0! peroxides (like Cr a Ot,CaO ai &e.) } it k m»% ymm 
known whether they give peroxide of hydrogen like the true peroxides. The fate te«* 
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Nickel alloys possess qualities which render them valuable for 
technical purposes, the alloy of nickel with iron being particularly 
remarkable. This alloy ii mot \vith in nature as meteoric iron . The^ 
Falla&offeky mass of moteorio iron, preserved in the 8t. Petersburg 
Academy, fell in Sitoriu in the last century ; it weighs about 15 cwt, 
and contains 8B p.c, of iron and about 10 p.c. of nickel, with a 
small admixture of other metals. In the arts German silver is most 
extensively used ; it is an alloy containing nickel, copper, and nno in 
various projHirtiunju It generally consist® of about 50 parts of copper, 
25 parts of duo, and 25 parti of nickel, This alloy is characterised by 
it® white colour resembling that of silver, and, like this latter metal, it 
does not rust, and therefor© furnishes an excellent substitute for silver 
in the majority of eases where it is used. Alloys which contain silver 
in addition to nickel show the properties of silver to a still greater 
extent. Alloys of nickel are used for currency, and if rich deposits of 
nickel art' discovered a wide field of application lies before it, not only 
in a pure state (because it is a Ixautiful motftl and doe® not rust) but 
also for use in alloys Stool vessels (pressed or forged out of sheet 
steel) covered with nickel have such practical merits that their manu- 
facture, which htm not long commenced, will most probably bo rapidly 
develojrtd, whilst nickel steel, which exceed® ordinary atecl in its 
tenacity, leu? already proved its excellent qualities for many purpose® 
(for instance, for armour plated- 

Until iHUti no compound of colwtlt or nickel was known of sufficient 
volatility to determine the molecular weights of the compounds of these 
uitifc&li ; Imt in 1890 Mr. L. Mond, in conducting (together with Longer 
and Quincke) his researches on tha action of nickel upon carbonic oxide 
(Chapter IX., Note 24 bis), observed that nickel gradually volatilise# in 
m stream of omrbonio oxide j this only takes place at low temperatures, 
and i® mm by the coloration of the flam© of the carbonic oxide. This 
ciUmrvaiiun led to the discovery of a remarkable volatile compound of 
nit'kt'l and carbtmie oxid^ having a© molecular composition Ni(00) 4!1 3 * 

it jr, nMuim'il !*y jiuninn *<f h«lim* hirnbably through HIO), and It® gimt roeemblarioa 
U* Mm UhuIk miter t«* tlm that t-oDj i® a vtsry fwhl© mUinc oxidw, Tba 

term <**><»* u tv^atmi m Uhi (utlmltio (N<»te US), tuid tha «ixbtea<J® of CoQ& 

ithnuUf have* hmg U^n rw*^nlmHl ujhui thi® Inuste 

m Thl* cofupcaatul it ktm « nmtel tetr*vmrbmiyl It appears to me y#t pma&tom 
to Judge of the stnMiUim of eeoh ea #xtr«ortliuary eompcmnd m Ni(0C>te It ha® Img 
teen tenawn that potMeloxn mmfiMm with 00 forming Kk(OO)# (Chapter IX, Note 81), 
tmt i\im eutetence k eppemCKy Mline Mid wm« volatile, and has an Iffctk to common 
with Ni(t ’( >) 4 tm NogU hm with 8b% However, B#rth®tet observed that whan NiC 4 0 4 
in tept m Mr, it tiKitUwM Mut give# a tehmrkfsu compound, Nig0*Oa, 1011*0, having 
m>pAr«tiUy wdme t*"|wrU«e. We may add that SchatMwterger, on rodeoing NiCl a by 
healing It lu a cumml ut h ydrogen, obwrvtd that a uleket eampmmd partially volatilises 
with ite HC\ and rottelUe »kW wtem heete d agate. Tha platinum compound, 
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as determined by the vapour density and depression of the freezing 
point. Oobait and many othor metals do not form volatile compounds 
undor thoso conditions, but iron gives a similar product (Noto 26 bis). 
3STi(CO) 4 is prepared by taking finely divided Ni (obtained by reduoing 
JSTiQ by heating it in a stream of hydrogen, or by igniting the oxalate 
NiGgO*) and passing (at a temperature below 50°, for even at 60° 
decomposition may take place and an explosion) a stream of CO over 
it j the latter carries over the vapour of the compound, which condenses 
(in a well-cooled receiver) into a perfectly colourless extremely mobile 
liquid, boiling without decomposition at 43°, and crystallising in needier 
at —25° (Mond and Nasini, 1891). Liquid Ni(CO) 4 has a sp. gr. L356 
at 0 n , is insoluble in water, dissolves in alcohol and benzene, and burns 
with a very smoky flame duo to the liberation of Ni. The vapour when 
passed through a tube heated to 180* and above deposits a brilliant 
coating of metal, and disengages 00. If the tube bo strongly heated 
the decomposition is accompanied by an explosion. If Ni(GO) 4 as 
vapour be passed through a solution of OuClt, it reduces the latter to 
metal ; it baa tho sarao action upon an armnoniaonl solution of AgOl, strong 
nitric acid oxidises JSTi(GO) 4 , dilute solutions of acids have no action j 
if tho vapour bo passed through strong sulphuric acid, CO is liberated, 
chlorine gives NiOl and C001 a ; no simple roaetums of double decom- 
position aro yet known for Ni(CO) 4 , however, bo that its connection 
with other carbon compounds is not clear. Probably the formation of 
this compound could bo applied for extracting nickel from it ores. 49 

PtCl^GO),, (Chapter XXIII., Note 11), offyra the greatest analogy to Ni(CO) 4 , This 
compound* was obtained as a volatile substance by Sohutwnberger by moderately 
healing (to QB6°) metallic platinum in a mixture of chlorine and carbonic oxide, If wo 
designate CO by Y, and an atom of chlorine by X, them tubing into account that, 
according to the periodic system, Nl it an analogue of X% a certain degree of caret* 
Apomlenco in Keen In tho composition NiY 4 and PtX 3 Y 9 , It would be Interesting to 
compare the reactions of the two compounds. 

M According to its empirical formula oxalate of nickel tdm contains nickel and 
carbonic oxide, 

4(> Tlf® following arc the fehtmo-ohomioal data (according to Thomson, and referred 
to gram weights expressed by the formula, In large caterl#* or thousand unite of heat) 
foe the formation of oorrotponding compounds of Mn, Ft, Co, Nl, and ,Ou (*Aq nignUlus 
that the reaction proooads ha on excess of water) i 




F§ 

Co 

Nl 

Cu 

R + Cta + Aq 

im 

100 

05 

04 

08 

R + Br y + Aq 

100 

78 

78 

n 

41 

R *8 lo + Aa 

70 

48 

48 

41 

oa 

n+o+n^o 

OB 

08 

08 

01 

88 

R +• O u + BQq + nHgO 

108 

100 

108 

108 

180 

RCl 3 + Aq 

•hio 

18 

18 

10 

U 


These examples show that for analogous reactions the amount of heat evolved in 
passing from Mn to Ft, Co, Ml, and On varies In regular itqutntts m the atomic weight 
mttiMtVt A similar difference is to be found In other groups and eerlee, and proves 
that thermo*chcmtoftl phenomena are Subject to the periodic law 
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CHAPTER XXIII 

TttK PLATINUM ME TAL6 

The Jibe metal® i ruthenium, Ru, rhodium, Rh, palladium, Pd, osmium. 
Os, iridium, Ir, and platinum, Ft, are mot with associated together in 
nature. Platinum always predominates over the others, and honoe 
they are known jib tho platinum metals, Ry their chemical character 
their position in the |>uri<>dio system is in tho eighth group, correspond- 
ing with iron, cobalt, and nickel. 

The natural transition from titanium and vanadium, to ooppor and 
me by means of the elements of the iron group is demonstrated by all 
the pretties of those elements, and in exactly tho same manner a 
inuifcitiinu from zirconium, niobium, and molybdenum to silver, cadmium, 
and indium, through ruthenium, rhodium, and palladium, is in perfect 
accordance with fact and with the magnitude of tho atomic weights, as 
also in the Jh^iUou of osmium, iridiuui, and platinum between tantalum 
and tungsten on the one side, and gold and mercury on the other, la 
all thus© throe cases tho dementi of smaller atomic weight (chromium, 
molybdenum, and tungsten) are able, in their higher grades of 
oxidation, to give odd oxides having the properties of distinct but 
feebly energetic acids (in the lower oxides they give bases), whilst the 
elements of greater atomic weight (duo, cadmium, mercury), oven in 
their higher grades of oxidation, only give Imam, although with feebly 
developed Ihuuo pn^Hirtiuu. Tim platinum metals present the sumo 
intormediuto prnjmrttoi such as we have already seen in iron and tlio 
dements of the eighth group. 

In the plat inum metals the intermediate properties of fifthly tmd 
and fifthly bmk tmtak are developed with groat clearness, 00 that 
thare in not out sharplynMnod acid anhydride among their oxide;% 
although there is a great diversity in tho grades of oxidation from the 
type EG* to E^Q, Tho feebleness of the chemical forces observed in 
tho platinum metals is connected with the ready docom potability o£ 
their compounds, with the small atomic volume of tho metah them* 
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■dvro, and with their large atomic weight. The oxides of platinum, 
iridium, and mm i tun ean scarcely hm termed either I mate »r arid ; they 
are capable of retnbin&Uim* of both kinds, each of which f» feeble. 
They arc nil intermediate oxide*. 

The atomic weights of platinum, iridium, and utmium arc nearly 
TUI to 19ft, and of palladium, rhodium, «md ruthenium, I to I CHI, 
Tlurn, strictly speak i tig, we have horn two mmm of sucUhi, which 
tins moreover, perfectly parallel to each other ; three mendtera in 
the first norles, and three memtem in the mvimd namely, platinum 
prc-r.cnt‘5 an analogy to palladium, iridium to rhodium, and outmmn 
to ruthenium. A* a matter of f*v r, however, the whole yronp of the 
platinum incteU in clmnw teriacd by o tm inter a/ emwtnm yriy*&rli*$ t 
l Kith phyniral and chemical, and, timrruiVnr, lfmr« are »v#ri%l point* of 
reautiihl&neo twtwecn the tneuilM»r* of thi* group and those of the ir*m 
group (Chapter XXII.) The atomic volume* (Table III., column 18} 
of the eJetaanfa of this group are mpmi ant! rory mm iff. The iron 

metal* have atomic volume* of nearly 7, whilst that of lh« itmtal* allied 
to palladium fa nearly P, and of tleae a<(jacent platinum (1% lr g On,) 
nearly P’S. Thi* tvmjwirAltvely small alumie v«»ltifue with 

the great inftiDthihty and tenacity proper to mil the iron and platinum 
metal*, am! U» their atiiall rhettticAl energy, which aland* out. very 
etaarty In the heavy platinum metaU. All the platinum mri&U ant 
very m*Hl$ mlumd by ignition anti by the Action -nl varn.m* rod tiring 
agentSi In which process oxygen, or a haloid group, fa di-vm^aged from 
their compounds and the mete! left behind. Thi# I# m property %4 the 
platinum metal* which determine* many «*f thmr reaction #, mud the 
cirouniatniu'e *»f their a) wav a being found in nature in tt mttir# *ror<*. 
In Hmvtifi in the Urals (discovered in 18 11; I ami in Hra#il (1735) 
platinum fa nhtained from alluvUI deposits, hut- In 1 803 IVofWmr 
In fuitrantfte(r«li*ef)Verrd a vt*iu «l*-|K»iit of platinum in serpen I iim near 
Tagil In tit# Uvula 1 The facility with which they are reduced fa m 
gtmi that their chtorbfas am even by gmmm» hydrogen, 

mQwMbj whoa slmkmi up and h mrf under a certain pmmm, Umn»® 
it will %§ iwtdity undanitcMMi that such metida m gl«n% iron* «§©„ 
them from miuihm with groat *\ which im% it taken advantage of 
in practice and In the ehmfoal tvwatRN’nt of the platinum mrteb s **• 

* IVoll* am4 P»*iW»M (| 4es#rdtft*l «nnin»»ftl»|smf,}U<l«i I ■«?-,. t .t> si o * 

gl 44 <tw«filyg tjU&SlA a*nt #.4 j 4 alinu<:>* <la* 4 ai.» .|«> # |*S It »o , *. -S i%&% 

thi Itll S»l»a*l dwitlf »te J'-iwI* «»> «-f «n ll.o s>a tt>a (£**•■*%» *4 ll=w», 

liaMMi ll mwfmpmA® l# «rr*u4i»*n» t**m «d4 vb&mpfid 

nkh km F#i^ 

it thfWftp i\m tmi lllj 

tk*t it m mmm tf ••««? f # Hn* 
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All the platinum metals, like those of the iron group, are grey, with 
a comparatively feeble metallic lustre, and are very infusible. In this 
respect they stand in the same order as the metals of the iron series ; 
nickel is moro fusible and whiter than cobalt and iron, so also palla- 
dium is whiter and more fusible than rhodium and ruthenium, and 
platinum is comparatively moro fusible and whiter than iridium or 
osmium. The saline compounds of those metals are rod or yollow, like 
those of the majority of the metals of the iron series, and like the 
latter, tliodifiorunt forms of oxidation present different colours. More- 
over, certain complex compounds of the platinum metals, like certain 
complex compounds of the iron series, either have particular character- 
istic tints or els© are colourless. 

The platinum metals are found in nature amooiaud together in 
alluvial deposits in a few localities, from which they aro washed, 
owing to their very considerable density, which enables a stream of 
water to wash awny the sand and clay with which they are mixed. 
Platinum deposits aro chiefly known in the Urals, and also in Brazil 
and a few other localities. The platinum ore washed from these 
alluvial deposits presents the appearance of more or lorn coarse grains, 
and sometimes, as it wore, of semi-fused nuggets. 2 

All the platinum metals give compounds with the halogens, and the 
highest haloid typo of combination for all is IIX 4 . For tho majority 
of the platinum metals this typo is exceedingly unstable ; the lower 
compounds corresponding to the typo RX,.,, wlucli are formed by th© 
separation of X 0 , aro moro stable. In the typo &X 8 tho platinum 
metals form mom stable salts, which offer no little resemblance to 

taa platinum, of such a double salt m PtOl$,S&01, is accompanied by a comparatively 
ramll ©volution of heat (tm Chapter XXL, Koto 40), for instance, Pfc + Ols+aitCl+Aq 
only evolves about 88,000 calories (lame© the reaction, Pt + Qla+Aq, will evidently 
disengage ertlll Imi, because PtOlg + SKOl wolves a eortain amount of beat), whilst on 
the other band, Fe + Ola+Aq gives 100,000 calories, and even the raooUon with copper 
(for the formation of the double salt) evolves 08,000 calories. 

8 Tho largest amount of platinum is extracted in the Urals, about five tuna annually. 
A certain amount of gold in extracted from tho washed platinum by moons of mercury, 
which »1 <h'h not iIimho] vo tho platinum metals hut dissolve!) tho gold uecomimuyiug the 
platinum in its ores. Moreover, tho ores of platinum always contain metals of the iron 
arrive osunniftted with them. Tho washed and mechanically sorted am in the majority 
of contain® about 70 to BO pc. of platinum, about 6 to 8 p.o.of iridium, and a some* 
what smaller quantity of osmium. The other platinum xnoUdiH~iHd1adittm t rhodium, and 
ruth©iJium— -aerntr Ja smaller proportions than the three above named, 8emefcfi»#t grain# 
of almost pure osmium-iridium, containing only a small quantity of other metals, ore 
found in platinum o*m This tmdmm iridium maybe ©«ily separated from tho other 
platinum metals, owing to it# being nearly insoluble bo aqua regia, by which the latter 
are easily clljmntved, There are grains of platinum which are magnetic. Tho grains of 
osmium iridium are very hard and malleable, and ora therefore used for certain pur- 
t> 0 §®s, for intMmee, for the Ups of gold pens. 
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iho kind mi compound* of the iron mmm—tor example to nickdcm* 
chloride, Ni01§, cobaltouii chloride* OoV\ n <fct\ Thin ©ven expresses 
itself iu a similarity of volume (platiaou* chloride, PtCI*, volume, 4$ * 
nickatoUH chloride, NiCl 3 m fK))» although in the ty^m RX* the trim iron 
metals give vary stable compounds, whilst the platinum metals fre- 
quently tenet after the manner of suhoxith?*, clftcoiuptistng into the 
metal and higher type*, 2RXj »B + RX*. ThispmhaUly do|mnd»cm 
the facility with which IiX f decomposes into li and X,, when X* 
oembmea with the remaining gmrticm of UX* 

As in the series inm, cotedt, stirkel, nickel give* N* 1 1 and NijOj, 
whilst cobalt and iron give higher mud vnrird forma t.*f o*idati«m, to 
ahu» lusmng the platinum nmtaH, platinum end palladium only give tho 
forum li X| ami liX 4 , whilst rhodium end indium term another and 
intermediate tyjws\ KX j, sUo met with in cobalt, <H.»rro»|»onditig with 
the muds*, having the ootnpositiou l»eauteu which they form 

Mi acid oxide, like ferric add* which m also known in the form «f 
Salt#, but b Ilf every rt«q>e£t unstable. Omnium ami rnikmnmm t like 
manganese* form still higher naides, and in this r©»|«e**i eOiihtt the 
grt-t it eat diversity. They Hot only give 1IX S# IiJC$, llX^msd li\ i4 
hut Also n still hiyh#r/**rm lUi 4t which la not nun w*ih in 

any other Seri©*! This form fo exceedingly characteristic, uwtug to the 
fact that tbooxkhMi 0»0 4 and RstO*» are volatile and have feebly *0*1 
prepertiea. In iliii respect they rmm% resemble permanganic Anhydride, 
whtefa li ali« somewhat volatile** 

When dktulvri in aqua regia (1*1 Cl t is formed) and litairaUitt from 
the solution by ml ammoniac ( (Stl 4 ) 9 PUd* in formed) and r^luc’d by 
ignition (which may bo dnn» by Xti ami other redo* ru^-nt dirwt 
from ii fsi p \ ut ion of l*tCl 4 ) platinum 1 w * form- u j^mrdery uuu, known 

* In ch«r<w'l«fi»tt^ |S»<* )<Ul4mim i »f.W* *»- .<*>1*1*,? *Hr»r 4 m-*?-* t» *!*«> 

ll i« »wy I** *44 I»j« oijf toH'ebMw 'l Ho «r> 

CApfttfl* «f IwfWini * *Mfl <4 «*l*at*t4» «r nh , ||»*jr *!:*»>» t «! *»4 

pert with tl »H#a temseluit tested, tta $***11 > is is 

pmmm m& psttsdlaiA, and It $# wfjf UmI wtoti * %mU $ 

w^k flstteei Is tim pmto&m #rtt»A»* tfewl-4 ^ikilat ttu tsnw# family t«# 

a qaiAtity ef mi mm rtwwrt#)- 

4s«4S»? «kftmtwti^t prupeitf «f th» ^tstleiott «s*tsls u^e^Uaii in timt m*4lp fivtag 
(htv wUH wttMl f»r»i Iks eefesltki tslt«) ntftM* i»4 el«w**tefi«ti» «»» it 

wn* i u***itir*nUi t Ate! tib l f *« siet t!*% ttettM* *i|t« wilts list) *.f *!.«» a*1i *» 

epi svslSy It i llswir lrtw«r fWui» «*! i''«i»t4naU»a All It® ot“*« »•» » t- a llw 

slsiartsla t>f |t»«» if off ssi «. t «4aU= s> S ■■ thu |*1 »a e - \ Mch*- ll.al li. • s»|)i 

•e^ttirv* a* Hfllunl ft rltafsu I-'# no tAti tr |£-|Uitr1, « » «,*!,'..*» • *i c ..»Mj < i 

Mill ft# **«1* 

Ste PtstUlAHI w#4 lira! H> It* fail .'ofslHiy t* *;n It 

fllfSi (|^khto8Mik WstAiii is l?SO rbn«'Ufis«4 |4*ii*i>»e i$wl«|-*uil«tst 

Si#at» la vm Weisatoi 4^miv#rs4 ityine se4 iMve 4# mu4* et»4 *t 
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as spongy platinum or platinum black. If tKis powder of platinum be 
heated and pressed, or hammered in a cylinder, the grains aggregate or 
forge together, and form a continuous, though of course not entirely 
homogeneous, mass. Platinum was formerly, and is even now, worked 
up in this manner^ The platinum money formerly used in Russia was 
made in this way. Sainte-Claire Deville, in the fifties, for the first 
time melted platinum in considerable quantities by employing a special 
furnace made in the form of a small reverberatory furnace,, and com- 
posed of two pieces of lime, on which the heat of the oxyhydrogen flame 
has no action. Into this furnace (shown in fig. 34, Vol. I. p. 175)— or, 
more strictly speaking, into the cavity made in the pieces of lime — the 
platinum is introduced, and two orifices are made in the lime ; through 
one, the upper, or side orifice, is introduced an oxyhydrogen gas burner, 
in which either detonating gas or a mixture of oxygen and coal-gas is 
burnt, whilst the other orifice serves for the escape of the products of 
combustion and certain impurities which are more volatile than the 
platinum, and especially the oxidised compounds of osmium, ruthenium, 
and palladium, which are comparatively easily volatilised by heat. In 
this manner the platinum is converted into a continuous metallic form 
by means of fusion, and this method is now used for melting consider- 
able masses of platinum 4 and its alloys with iridium. 

about the same time Tennant distinguished iridium and osmium in it. Professor Claus, 
of Kazan, in his researches on the platinum metals (about 1840) discovered ruthenium 
in them, and to him are d^e many important discoveries with regard to these elements, 
such as the indication of the remarkable analogy between the serioB Pd — Eh — Bu and 
Pt — Ir — Os, 

The treatment of platinum ore is chiefly carried on for the extraction of the platinum 
itself and its alloys with iridium, because these metals offer a greater resistance to the 
action of chemical reagents and. high temperatures than any of the other malleable and 
ductile metals, and therefore the wire so often used in the laboratory and for technical 
purposes is made from them, as also are various vessels used for chemical purposes in 
the laboratory and in works. Thus sulphuric acid is distilled in platinum retorts, and 
many substances are fused, ignited, and evaporated in the laboratory in platinum 
crucibles and on platinum foil. Gold and many other substances are dissolved in dishes 
made of iridium-platinum, because the alloys of platinum and iridium are but slightly 
attacked when subjected to the action of aqua regia. 

The comparatively high density (about 21*5), hardness, ductility, and infusibility (it 
does not melt at a furnace heat, but only in the oxyhydrogen flame or electric furnace), 
as well as tho fact of its resisting the action of water, air, and other reagents, renders an 
alloy of 00 parts of platinum and 10 parts of iridium (Deville’s platinum-iridium alloy) a 
most valuable material for making standard weights and measures, such as the metrej 
kilogram, and pound, and therefore all the newest standards of most countries are made 
of this alloy. 

•* This process has altered, the technical treatment of platinum to a considerable 
extent. It has in particular facilitated the manufacture of alloys of platinum' with 
Iridium and rhodium from the pure platinum ores, since it is sufficient to fuso the 
ore in order for the greater amount of the osmium to bum off, and for the mass to fuse 
into a homogeneous, malleable alloy, which con be directly made use of. There is very 
little ruthenium in the ores of platinuib. If during fusion lead be added, it dissolves 
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To obtain pure platinum, the ore is treated with aqua regia in which 
only tho osmium and iridium are insoluble. The solution contains the 
platinum metals in tho form RC1 4 , and in the lower forms of chlorina- 
tion, RC1 3 and RC1 2 , because some of these metals— for instance, 
palladium and rhodium — form such unstable chlorides of tho typo RX 4 
that they partially decompose even when diluted with water, and pass 
into the stable lower type of combination ; in addition to which tho 
chlorine is vory easily disengaged if it comes in contact with substances 
on which it can act. In this respect platinum resists tho action of 
heat find reducing agents bettor than any of its companions— that is, 
it passes with greater difficulty from PtCl 4 to tho low or compound 
PtCl a . On this is based tho method of preparation of morn or less 
pure platinum. Lime or sodium hydroxide is added to tho solution in- 
aqua regia until neutralised, or only containing a very slight excess of 
alkali. It is best to first evaporate and slightly ignite the solution, in 
order to remove tho excess of acid, and by heating it to partially con- 
vert the higher chlorides of the palladium, &c,, into the lower. Tho 
addition of alkalis completes tho reduction, because tho chlorine held 
in the compounds RX 4 acts on tho alkali liko free cldorino, eon verting 
it into a hypochlorite. Thus palladium chloride, PdCl 4 , for example, 
is converted into palladious chloride, X^dCI a , by this means, according 
to tho equation Pd01 4 + 2NaHO«Pd01 a +Na01+Nft010+H 9 0. In 
a similar manner iridic chloride, IrCl 4 , is converted into the trichloride, 
IrCl 3 , by this method. When this conversion takes place the platinum 
still remains in tho form of platinio chloride, PtCl 4 * It is then possible 
to take advantage of a certain difference in tho properties of the higher 
and lower chlorides of tho platinum metals. Thus lime precipitates tho 
lower chlorides of the members of the platinum metals occurring in 
solution without acting on tho platinic chloride, PtCl 4 , and hence tho 
addition of a largo proportion of lime immediately precipitates the 
associated metals, leaving tho platinum itself in solution in tho form 
of a soluble double salt, Pt01 4 ,Cad a . A far bettor and mare perfect 

the platinum (and other platinum metals) owing to Ik being able to form & vory chorac* 
terktio alloy containing PtPb. If an alloy of tho two metals bo left ©xpo$©d to mokt 
air, the excot>§ of lead Is converted into carbonate (whit© lead) In the presence of the 
water and carbonic acid of the air, whilst tho above platinum alloy remains Unchanged. 
Tho white load may Ixs extracted by dilute acid, and tho alloy PtPb renmlne unaltered. 
Tho other platinum motalu also givo similar alloys with load. Tho fusibility of thus© 
alloys ouabluH the platinum motals to bo separated from tho gangue of tho oro, and they 
may afterwords bo separated from tho -load by subjecting tho alloy to oxidation in 
furnaces furnished with a bouo ash bod, booauso tho load Is then oxidised and absorbed 
by the bon© ash, leaving tho platinum metals untouched. This method of treatment 
was proposed by H. Sainte-Clairo Levill© in tho sixties, and Is also used iu tho analysis o£ 
thee© metals {a$o further on), 
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sepwrationm effected by meam of ammonium chloride, whioh gives, with 
platinio chloride, an insoluble yellow precipitate, PtCl 4 ,2NH 4 Cl, whilst 
it forms soluble double salts with the lower chlorides RO1 0 and RC1 3 , 
so that ammonium chloride precipitates the platinum only from the 
solution obtained by the preceding method. Those methods are 
employed for preparing the platinum which is usod for the manufacture 
of platinum articles, because, having platinum in solution as calcium 
platinoohlorida, XTOaClg, or ns the insoluble ammonium platinoohlorido, 
I ) t(NlI 4 ) a Cl e , the platinum compound in every case, after drying or 
ignition, loses all the chlorine from the platbaio chloride and leaves finely- 
divided metallic platinum, whioh may be converted into homogeneous 
metal by compression and forging, or by fusion.* 

k For the ultimata purification of platinum from palladium and iridium tho motels 
must bo ro-dlmiolvcKl in aqua regia, und tho solution evaporated until the residua begins 
to evolve chlorine* Tbo residue in then re-precipitated with ammonium <ir potauuium 
cliloritlo. Tho precipitate may still contain a certain amount of iridium, which liamaus 
with greater difficulty from the tetrachloride, IrCl* into tho trichloride, IrClg, but it will 
be quite free from palladium, because tho latter «wdly logos Its chlorine and passes into 
palladiums* chloride, FdCl^, which give® an ftAeUy-uolubte ealb with potassium chloride, 
The precipitate, containing a small quantity ol indium, la then hosted with sodium 
carbonate in a crucible, when the maim decomposes, giving metallic platinum and 
iridium ossicle. If potassium chloride has boon employed, the residue after ignition la 
washed with water and treated with aqua regia, Tho iridium oxide remains uudimiolvud, 
ami the platinum easily puiuum Into solution, Only ©old and dilute aqua regia must ho 
used. The solution will then contain pure platiuio chloride, which forms tho starting* 
point ter the preparation of all platinum compounds, Lure platinum for accurate 
researches (ter instance, for the unit of light, according to Violin 1 ® method) may bo 
obtained (Myliuw and Foernter, 1H0S) by Fitikuiier'e method, by dissolving the impure 
metal in aqua regia (it should bo evaporated to drive oil the nitrogen compounds), and 
adding NaCt m% as te form a double sodium salt, which is purified by crystallising with a 
small amount of cauitte soda, washing tho crystela with a strong soluUettpf NaCl, and 
then dissolving them in a hot l p.e. solution of soda, repeating the above and ultimately 
igniting the double salt, previously dried at ISO 0 , In a stream of hydrogen ; platinum 
black and NaCl are item formed, Tho three following are very sensitive teste (to 
thousandths of a per cant,) for the presence of Ir, Eu, Eh, Pd (osmium is not usually 
present in platinum which has mm boon purified, ilnou it ©aiily volatilises with Cl 9 
and (X>s, and in the first treatment of the crude platinum either paw©® off as OmC >4 
or remains uiidwiolved), Fe, Ou, Ag, and Pb: (1) the assay in alloyed with 10 parte of 
pure load, tho alloy treated with dilute nitric acid (to rent ova tho greater part of tho 
1M0, and dissolved in aqua regia; the residue will cornust pf Ir and Hu; Urn Pb in 
precipitated from the nitric arid eolation by sulphuric acid, whilst the remaining 
platinum uietelu are reduced from tho evaporated solution by formic acid, and the 
resultant precipitate fused with KII8O4 ; the Pd and 1th are thus converted into soluble 
salts, and the former is thin precipitated by HgC^Ny. ( l i) Iron may be detected by the 
usual reagents, If the crude platinum bt dittnolvtd to aqua regia, and the platinum 
metals precipitated from tho solution by term!© acid, (8) If crude platinum (as* foil or 
sponge) te* boated In a mktur§ of chlorine and ©arbemte oxide it volatilise® (with a 
Oerluiu aiiKumt nf Ir, I'd, Fa, &c.) M FfcOl^CO (Note 11), whilst the whole of the Eh, 
Ag, and i\\ it may contain remain® behind. Among other characteristic reiwtten® ter 
the platinum meUlu, wemay mention: (l) that rhodium in precipitated from th©sK*luiten 
obtained after fusitm with IIHHO* (in which Pt docs not dissolve) by Nii 3 , acctio and 
(a rime acute ; (*4) that dilute aqua regia dimdvu® precipitated Pt, but not Eh; (8) that 
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Metallio platinum in' a fused state has a specific gravity of 21 ? ft 
is grey; softer than iron but harder than copper, exceedingly duotile, 
and therefore easily drawn into wire and rolled into thin sheets, and 
may be hammered into crucibles and drawn into thin tubes, <fcc. In 
the state in which it is obtained by the ignition of its compounds, 
it forms a spongjy- mass, known as spongy platinum, or else as powder 
(platinum block)/ 0 In either case it is dull grey, and is characterised, 
as we already know, by the faculty of absorbing hydrogen and other 
gases. Platinum is not acted on by hydroohlorio, hydriodio, nitrio, and 
sulphurio acids, or a mixture of hydrofluoric and nitrio aoids. Aqua 
regia, and any liquid containing chlorine or able to evolve chlorine or 
bromine, dissolves platinum. Alkalis are decomposed by platinum at 
a red heat, owing to tho faculty of the platinum oxide, PtG g , formed to 
combine with alkaline bases, inasmuch aa it has a feebly -developed acid 
character (see Note 8). Sulphur, phosphorus (the phosphide, PtP s> 

if the insoluble residue of tho platinum metals (Xr, Ru, 0®) obtained, after trmlkig with 
aqua regia, bo fueed with a mixture of X part of KNOg and fi park of K g COs (in a gold 
crucible), and than treated with water, it gmm a solution containing tho Ru (and a 
portion of tho 3r), but which throws It all down when* saturated with chlorine and 
boiled ; (4) that if iridium bo fused with a mixture of KUO and KHOa, it gives a soluble 
potassium salt, IrIC M 0 4 (tho solution to blue), wbloh, when saturated with chlorine, gives 
IrCl 4 , wluch is precipitated by NH 4 CI (the precipitate to bkiek), forming a double salt, 
leaving metallic Ir after ignition? ( 6 ) that rhodium miffed with NaCl and ignited in a 
current of chlorine gives a soluble doable sedt (from which tal-ammonlao separates Pb 
and Irb which gives (according to dUrgsuson) a difficultly soluble pqypurco- salt (Chapter 
XXIX., Not® 85), Rh 9 0l s ,5NII a> when treated with NHg? in this form tho Rh may bo 
easily purified and obtained in a metallic form by Igniting in hydrogen ; and ( 6 ) that 
palladium, dissolved in aqua regia and dried (NH 4 OI throws down any Pt), gives soluble 
PdCly, which forms an cosily crystalltoabla yellow salt, PdCl 8 NH 3t with ammonia ; thto 
eajfc (Wihri) may bo easily purified by crystallisation, and gives metallic Pd whan 
ignited. Those reactions Man Irate tho method of separating the platinum metals from 
each olbor. 

G Wo have already become acquainted with tho oflfcot of ftmdy-dividpd platinum on 
many gupeous substances. It is best soon in the so-called platinum black, which is a 
©Old-black powder left by tke action of sulphuric add on tho alloy of xmc and platinum, 
or which Is precipitated by metallic sdna from a dilute solution of platinum. In any 
case, finely-divided platinum absorbs gmm more powerfully and rapidly the more 
finely divided and porous it to, Sulphurous ^hydride, hydrogen, alcohol, and many 
organic imbalances in the presence of such platinum arc cwfly oxidised by the oxygen of 
the air, although they do not combine with It directly. The absorption of oxygen is m 
much os several hundred volumes per one volume 0 ! platinum, and the oxidising power 
of such absorbed oxygen is taken advantage of not only in the laboratory but ©von is 
manufacturing processes. Asbestos or charcoal, soaked in a solution of platini© chloride 
and ignited, to very useful for this purpose, because by this means it becomes coated with 
platinum black. If 50 grams of VtCl* bo dissolved in CO c.o. of water, and 70 e.c, of a 
strong (40 p,o.) solution of fonuio aldehyde added, tho mixture cooled, and than a 
solution of 50 grams of NallO in 60 grams of water added, tho platinum is pm- 
cipitakd, After washing with water tho precipitate pa vmn Into solution and lorn® ti 
Wok liquid containing soluble oolUAAal platinum (Loew, 1800). H the precipitated 
platinum be allowed to absorb oxygen on the filter, the temperature rises 40°, and a 
very porous platinum thiols to obtained which vigorously facilitates oxidation. 
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(s formed), arsenic and silicon all act more or loss rapidly on platinum* 
under the influence of heat. Many of the motals form alloys with it* 
Even charcoal combines with platinum when it is ignited with it, and 
therefore carbonaceous matter cannot bo subjected to prolonged and 
powerful ignitionin platinum vessels. Hence a platinum crucible soon 
becomes dull on the surface in a. smoky flame. Platinum also forma 
alloys with zinc, lend, tin, copper, gold, and silver. 7 Although mercury 
does not directly* dissolve platinum, still it forma a solution or amalgam 
with spongy platinum in the presence of sodium amalgam ; a similar 
amalgam is also formed by the action of sodium amalgam on a solution 
of platinum chlorid®, Mid is used for physical experiments* 

There are two kind$ of platinum compound PtX 4 and PtX 2 . 
The former are produced by an excess of halogen in tho cold*, and the 
latter by tho aid of heat or by tho splitting up of tho former, Tho 
starting-point for tlm platinum compounds is platinum. tctrachlorido f 
phdinia chloride, obtained by dissolving platinum in aqua 

regia. 7 l4,s Tim Holution crystallises in tho cold, in a desiccator, in tho 
form of reddish-brown deliquescent crystals which contain hydrochloric 
add, PtCl 4 , 21101,611*0,. and behave like a true acid whoso salts cor- 
respond to the formula R 9 PtCl 0 — ammonium pktmoohloride, for 
example. 7 trl Tho hydrochloric acid is liberated from theso crystals by 
gently heating or evaporating tho solution to dryness ; or, hotter still, 
after treatment with silver nitrate a reddish-brown mass remains 
behind, which dissolves in water, and forma a yellowish-red solution 
which on cooling deposits crystals of tho composition Ft01 4 , 811*0. 
The tendency of FtCl* to combine with hydrochloric acid and water— 
that in, to form higher cryMtallim compounds— is evident in the 
platinum compound#, and must be taken into account in explaining 
the proportion of platinum and th© formation of many other of its 
complex compounds. Dilute lolutions of platinio chloride are yellow, 
and are completely reduced by hydrogen, sulphurous anhydride, and 
many reducing agents, which thfct convert the platinio chloride into 

’ It ih nrnwmry U > remark tlml jdatimuu wh»>n alloyed with nilvcr, or tin umalwun, 
{« itntuliln in mhiu ut’iil, »tml in t hii^ refund it dilh-re from gold, $»» that it in potmibla, 
by alloying gold with silver, nml ruling on tlm alloy with nitric achl, to recognise 
tho prmi'o of jdaUuum in thw Wmawaj nitric acid »lov» net act on gold alloyed 
with silver. 

* ^ IHCi 4 ill I Um> formed hy tho action of a mixture of HOI vapour and dr, and by 
tho action of ohJorin® upw\ pkUmum 

7 ** Pigeon (l^i) obtained im ydhw cry »taU ofPtH^Cl^H^O by adding strong oul- 
jthurit* nr id to a wlrong wdutitm of Ptll^ClfjdHsO If cryntahi of H a PtCl fll on.jO ho 
undo-d in viu tm (00°) in tho premier of anhydrous pclatb, a rod-brown wltd hydrate h 
oh! annul i nntnming huss water and HC1, which i*rt« with Urn remainder at ttUU leaving 
anhyflr. tuj PlC 1 4 , Tho Utter dew not disengage chlo/itio before a , J0 , \ und io perfectly 
itoluUU) in water. 
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the lower compound platinoua chloride, Pt01 3 . That faculty 'which 
reveals itself in platinum tetrachloride of combining with water of 
crystallisation and hydrochloric acid is distinctly marked in its pro* 
pprty, with which we are already acquainted, of giving precipitates 
with the salts of potassium, ammonium, rubidium, &o. In general it 
readily forms double ealt8 } E 2 PtOl 6 ==PtCl 4 +*2RC1, where E is a 
univalent metal such as potassium or NH 4 . Henoo the addition of a 
solution of potassium or ammonium chloride to a solution of platinio 
chloride is followed by the formation of a yellow precipitate, which is 
sparingly soluble in water and almost entirely insoluble in alcohol and 
other (platinic chloride is soluble in alcohol, potassium iridioohlorido, 
XrK 3 Clfl, L& a compound of IrCl 3 , is soluble in water but not in alcohol)* 
It is especially remarkable in this case, that the potassium compounds 
here, as in a number of other instances, separate in an anhydrous form, 
whilst t{i© sodium compounds, which are soluble in water and alcohol, 
form red crystals containing water. The composition ¥a a PtOl 6 ,0H§O 
exactly corresponds with the above-mentioned hydrochloric compound. 
The compounds with barium, BaPt01 6 ,4Hjj0, strontium, 8rPtGl 0 ,8II 9 O, 
calcium, magnesium, iron, inang&noeo, and many other metals aro all 
soluble in watW. 8 

• Nihon (1877), who investigated the platlnoohlorides of various me tain subsequently 
to Bonsdorflf, Topsg©, Cltvo, Marignao, and other®, found that univalent and bivalent 
metals — each m hydrogen, potassium, ammonium * * - beryllium, calcium, barium— 
give compounds of such a composition that tlxoro i« always twice as much chlorine in 
tho platinic chloride as in tho combined metallic cldoride ; for example, KjjCl^PtCl, j 
iBoObtFtChiBHftO, <fco. Such trivaknt metals as aluminium, iron (ferric), chromium, &l« 
dymiuin, cerium (ooruua/forra compounds of the typo RGlglHGl^ in wluab the amounts ot 
chlorine aro in tho ratio 0 : d, Only indium and yttriuiugivo ualte of a diikront composi- 
tion — namely, ainCl 3 ,niHCbifi 0 ir 3 O and dYCbjGl’tOI^CIIfaO. finch quadrivalent metals 
as thorium, tin, Bimmium givo compounds of tho typo RCi^VtCb, in wliioh the ratio of 
tho ohlorino in 1 ; 1. In thin manner the valency of a mut&l may, to a certain extent, bo 
Judged from the composition of tho double' tydte formed with platinic chloride. 

Platinic bromide, PtBr 4 , and iodido, Ptl 4> aro analogous to tho totrachlovide, but the 
iodide it deoompo®&& ©till more easily than thp chloride. If sulphurio acid bo &d<M to 
platinic chloride, and ihn #olatlon evaporated, it form# a black porous like char- 
coal, which deliquesces to the air, and hm the eompdtitlen Bt(BOi)g. But this, the 
only oxygen »tdt of the type #tXi, is exceedingly unstable* This In due to the foot that 
platinum (mid# } the odd# of the type BtO g , ha# a feeble add character. Tills to shown 
in a number of instances* Thu# if a strong solution of platinic chloride treated with 
©odium carbonate bo exposed to the action of light or evaporated to drynee® arid thou 
washed with water, a ©odium jdatinate, PtaNag0 7 ,6H a 0, remain#., Tho composition of 
this salt, if wo regard it in tho same sense as wo did tho salts of silicic, titanic, molylxlio 
and other acids, wilt bo lHO(ONa) a ,2IHO a ,6HaO— that is, tho same typo is rematch m 
w© saw in tho crystalline compounds of platinum tetrachloride with sodium oluori&e, or 
with hydrochloric acid— namely, the type BtX^Y, where Y is the molecule Ao. 

Similar Compounds arc also obtained with other alkalis. They will be platinat#® of tho 
alkalis in which the platinic oxide, BtD a , plays the part of an acta oxide, Rousseau 
(1880) obtained different grades of combination BaOPtO s , 8(BaO)2KOfl, &e., by igniting 
a mixture of PfcCh and caustic baryta. It such an alkaline compound of platinum be 
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Flatinovs thlorick, PtOlg, is formed when hydrogen platincxyhloride^ 
PtII,Cl 0 , m ignited at 300°, or when potassium ia heated at 230° in a 
stream of chlorine. The undoeompoaod tetrachloride ia extracted from 
the residue by washing it with water, and a greenish-grey or brown 
insoluble mm of the diehloride (ap. gr. 5'9) iu then obtained. It ia 
soluble in hydrochloric add, giving an acid solution of tho composition 
PtGl a ,2HCb comapouding with tho typo of double salts PtR a Cl 4 , 
Although pktinous chloride decomposes below 600°, still it is formed to 
a small extent at higher temperatures. Troosfc and Haufcofeuille, and 
Soolhoitn observed that when platinum was strongly ignited in a stream of 
chlorine, the metal, m It were, slowly volatilised and was deposited in 
crystals \ a volatile chloride, probably platinout chloride, was evidently 
formed in this cate, and decomposed subsequently to its formation, 
depositing crystals of platinum. 

Tho properties of platinum above- described arc repeated raoro or less 
distinctly, or somoUiuos with certain xn edification b, in the above-men- 
tiered associates and analogues of this metal. Thus although palladium 
foitoi Pd01 4l this form passes into PdCl 8 with extreme easo.t Whilst 

touted with acetic add, tee alkali combines with the latter, and a jpkUimo hydroxide^ 
FlfOHfo remain® m a brawn man#, which Icme® water and oxygon when ignited, and in 
so doing dwiimpossH with a slight oxpMcm, When slightly ignited tide hydroxide first 
water atul gives tea wary unstabla oxuta PtO*. X’ktiuto sulphide, PiB 9 , belongs to 
the man® type ; H i« inroaipitatad by tho action of sulphuretted hydrogen on a solution 
aS platinum tetnuddurido. The moist jirnclpitafeu i« capable of attracting oxygon, and i@ 
than converted iota tho sulphate above tnotitiauod, which la soluble in water. This 
absorption uf oxygon aud ©o aversion into sulphate in another illustration of tho basic 
Bate re erf PlO* m that it dtearly exhibits kith baste and acid properties Tho latter 
appear, ter iturtMMS, in tin:? fact teat pktiuic wlphldn, PtS®, given oryikliio® compounds 
with the aUtali sulphldM. 

f Iu #««j«rteg the ch«aot#rteto erf libc platinum mctalt, it must \m observed that 
pdMIum in ft® tew of combiaatieu 3Ml t give® uultee ^ompouod® of ©anstcter&bte 
stability. Amongst feh#ra pMad&m Mutrltk iu termed by te© direct actio a of chlorine 
or a*jim regia foot in excess or in dilute solutions) on palladium. It forma a brown 
snhitinu, which givern a black Insoluble precipitate of palladoun iodi&a, Pdlj, with 
tu hitiniM «rf indidcu (in this respect, u« in many other®, palladium rsicinbluB mercury in 
thtimoreurte rt.iujmundti HgXy). With a solution of mercuric oyeiildo it given a yellowish 
whip pn . ipjtcto, pidludotUi ry unite, I'dGfNg, which i» soluble in j»otu4*tem cyanide, and 
giv* v. uthei ilnubte nult*, 

That j«irtton of the platinum oru which dtstnivus in aqua rogi® and la pmupitated 
by ammtxrdum or jpufeattimBi alUuride doc* nut contain palladium. It remains iu oak- 
tian, Imwi th« ptikdk ehktfide, 1’dCL, is d«oomp«iod and tho jmUa&ou® .chloride 
leraicd Is m& \nm\%Mmi by ammonium ©World© ; him wi hold® good for ill the other 
lower chlorides erf tee platinum metals, (and boa) etparate® out all tec ncprwipU 
taWil platinum nutate (and uim copper, An.) from fete) sal&felm. The palladium to found 
te them, pteUtmm residues palpitated by sbw. If this mtafeuro of motel® be fejmted 
with ta|tia rogin, all tho j^lladium wiU paw into aotefekm a® paltado-u® cblohdh 

pkUnin i hlorlta. By thia femimenl tho mate portion of tec Iridium, rhodium, 4so; 
mmdm alirtosl undieealvod, the phtaom is separated ham the mteture of puUaddjia 
and ptetlbSc chlorides by a eUutiuu of atnaamlum cbkr&o* and tho eolutiou of paltadiu^ 
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rhodium and iridium in dissolving in aqua regia also form Rh.Cl 4 and 


is precipitated by potassium iodide or mercuric oyanido, Wilm (1881) showed thaO 
palladium may bo separated from an impure solution by saturating it with ammonia » all' 
the iron present is thus precipitated, and, after filtering, the addition of hydrochloric 
acid to the filtrate gives a yellow precipitate of an ammonio-palladium compound, 
PclCI 3 ,2NH 3 , whilst nearly all the other metals remain in solution. Mat allic, palladium 
la obtained by igniting the ammonlo-oompound or tho cyanide, PdC a N a . It occurs 
native, although rarely, and is a motal of a whiter colour than platinum, @p. gr. 11*4, 
melts at aboub 1,800° ; it is much more volatile than platinum, partially oxidises on tho 
surface when boated (Wilm obtained spongy palladium by igniting PdCl^aNEg, and 
observed that it gives PdO whan ignited in oxygen, and that on further Ignition thia 
oxide forms a mixture of Pd 3 0 and Pd), and loses its absorbed oxygen on a further riso 
of temperature. It does not blacken or tarnish (does not absorb sulphur) in the air at 
the ordinary temperature, nnd is therefore hotter suited than silver for astronomical and 
other imitrumontii in which fine divisions have to be engraved on a wkilo metal, in ordox 
that the fine linos should bo clearly visible. Tho most remarkable property of palladium, 
discovered by Graham, coneista in its capacity for absorbing a larg© amount of hydrogm* 
Ignited palladium absorbs as much as 940 volumes of hydrogen, or about 0*7 p.o. of its 
own weight, which closely approaches to tho formation of tho compound Pdglly,. and 
probably indicates tho formation of palladium hydride Pd g H, This absorption 
also takes place at the ordinary temperature— for ©sample, when palladium servos oD 
an electrode at which hydrogen is evolved. In absorbing the hydrogen, tlui palladium 
does not change in appearance, and retains all its metallic properties, only its volume 
inm'RSjoM by about 19 p.o.— that is, tho hydrogen pashas out and separates tho atoms of 
the palladium from each other, and is itself aompreamid to ^ of its volume. This com- 
pression Indicates a great fore© of chemical attraction, and is accompanied by the evolu- 
tion of heat (Chapter II,, Note 88). The absorption of 1 grm, of hydrogen by metallic 
palladium (Pavre) is accompanied by the evolution of 4*0 thousand calories (for Ft '29, 
for Na 18, for K 10 thousand junits of heat)* 'frooat showed that tho cMssooiatiou 
pressure of palladium hydride is inconsiderable at the ordinary temperature, but reaches 
the atmoBphorlo pressure at about 140°. This subject was subsequently investigated by 
A. A. Croon w of Bt. Petersburg -(1894), who showed that at first the absorption of 
hydrogen by tho palladium proceeds liko solution, according to tho law of Dalton and 
Henry, but that towards tho ond.it proceed a liko a dissociation phenomenon in definite 
compniuiibi ; this forms another link between tho phenomenon of solution and of tho 
formation of definite utmaio compounds, Cracow’s observations for a temperature) 1H°, 
showed that the electro-conductivity and tension vary until a emuimund IM 3 H is reached, 
ami namely, that the tension p rises with the volume v of hydrogou absorbed, according 
to tlie law of Dalton and Henry— for instance, for 

8*9 6*5 7*7 mm. 

ti«14 90 84 47 

The maximum tension at 18° U 9 mm. At a temperature of about IU) Q (in tho vapour of 
xylene) th© maximum tension la about 789 mm., and when v® 19-80 vols, the tension 
(according to Cracow’s experiments) stands at 90-480 mm.— that is, inererwm in pro- 
portion to the volume of hydrogen absorbed, Bub from tho paint of view of chemical 
mechanics it is especially important to remark that Moutior clearly showed, through 
palladium hydride, tho similarity of tho phenomena which proceed in evaporation and 
dissociation, which fact Henri Biunto-Clairo Dovillo placed as a fundamental proportion 
In tho theory of dissociation. It is possible upon tho basin of tho second law of the 
theory of heat, according to tho law of tho variation of tho tension^ of evaporation with 
the temperature T (counted from —978°), to calculate tho latent heat of evaporation 
h t$m work® on physics) baoaua© 424 L®»T (1/d- 1/D) dpjdl t where d and D arc th© 
weights of cubic measures of the gas (vapour) and liquid. (Thus, for instance, for 
( ^atet, whoa <wl00°» Tw878, d m 0*605, D*® 900, dp/di ** 0027 m,, 18,890®967, L^GUO, 
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Ir01 4 , bat they pa$$ into BhCl* and XrCl 3 0 vary easily when heated 

whence 424 Ij**227,Ufl4, and the second portion of the equation 296,144, which ia 
•ufflofantly near, within the limits of experimental error, m Chapter L t Note 13.) 
Tho name equation in applicable to Urn dissociation of Naall and K a H — (Chapter XXL, 
Note 49}— but it has only been verified in this respect for Pd a H, since Moutiur, by 
calculating the amount of heat L evolved, far t ^ 20, according to the variation of 
the tension {tlpldt) obtained 4T thousand calories, which in very near the fig urn 
obtained experimentally by Havre (stw Chapter XXL, Note 44). The almorlmri hydrogen 
Id easily dimmgttgml by ignition or decreased pressure. The resultant compmmd 
does not dooomiioso at the ordinary temperature, hut when exposed to air the metal 
•omatimon glows spontaneously, owing to the hydrogen burning at the expense of 
the atmospheric oxygen. The hydrogen absorbed by palladium act® towards many 
solutions a® a reducing apmt ; In a word, ovtryihing hero point# to the formation of a 
definite compound and at the tamo time of a phydoally-oompreswd and form® om 
of Urn beat araraptai of tho bond existing between chemical and phytioal process#®, to 
which wo have many time® drawn attention. It must bo again remembered Umt the 
other metal® of the eighth group, even copper, are, like palladium and platinum, able to 
combine with hydrogen. The jmrmeabiliiy of Iron and platinum tube® to hydrogen m 
naturally duo to the formation of similar compounds, but palladium is tlie moat 
permeable. 

e Iththlivm ia generally serrated, together with iridium, from the residue® loft 
after Urn treatment of native platinum, because the palladium is entirely aeparated from 
them, and th© ruthenium fa present in them In very email traces, whilst the ©imlum at- 
any rat® Is easily separated, a® wo shall soon mo, Tim mixture of rhodium and iridium 
which is left umliisolved In dilute aqua regia I# dissolved in chlorine water, or by tbo 
action of chlorine cm a mixture of the metal® with sodium chloride. In either case both 
wetidii pane into solution. They may bo separated by many methods, In either case 
{if the uclhm ln» aided by heat) the rhodium is obtained in the form of the chlnrida 
Eht’b, and the iridium tut iridimiH chloride, IrCl> They both form double mile with 
sodium chloride which art* soluble In water, but the iridium salt is also partially soluble 
hi alcohol, whilst the rhodium salt is not. A mixture of the chloride®, wlum treated with 
dilute aqua, regia, gives iridic chloride, XrCb, whilst the rhodium chloride, Kl*Cl 3l re- 
main® unaltered ; ammonia m chloride tlum precipitate® the iridium a® ammonium iridic- 
ohlnrld®, XrtNKjifCl* and on evaporating 'the mw-odeuwd filtrate the rhodium gives 
a crystal! km salt, Bh(NH«)jCl«. BhodiUm and its various oxide® are dissolved when 
ftu*d with potassium hydrogen sulpha!#, and give a soluble double sulphate (whilst, 
iridium remains unacted on) { this fact fj» vary characteristic for this motel, which ofifers 
In It® ptoperttot mwiy points of rmmblaneo with th« Iran metals. When fused with 
potassium hydroxide and chlorate it is oxidised Ukfl Iridium, but It is not afterwards 
soluble In water, in which reaped it differ® from ruthenium. This I® taken advantage of for 
separating rhodium, ruthenium, and Iridium, In any mnio, rhodium under ordinary 
tunditnunj tiltvuyu give® write of Urn typo HXg, and not of any other fcyqwj; and not only 
halogen t.ulte, but al;n* oxygen write, are known in ’thin tyt>e, which in rare among 
ilm platinum tm-talu. Khodiuin chloride, IlliClg, in known in an Iminluhltt unl;y. Irens 
and also m a soluble bum (hke CrXj or write of chromic oxides), in which it cimily give# 
double salts, comjK»ttuds with water of crystallisation, and fertuit runo- coloured solutions. 
In this form rhodium easily gives double salt® of the two tyqwni IihM,gCJ G and RhM a Ch— 
for example, EgBhO^HgO and K^llhC 1^140. Solutions of tho write (at least, tho 
ammonium writ) of tern lira! kind give write of tJLu i wound kind wlwm they are bailed. If 
% strong solution of potash be added to a ml solution of rhodium chloride and boiled, a 
blank precipitate of Urn hydroxide Bk(OH)§le ferrutd ; but if the solution of potash is 
added little by little, it given a yellow precipitate containing more water. TIum yellow 
hydrate of rhodium oxide gives a yellow solution when it la dissolved in wide, which 
only becomes rose .coloured after being boiled. It is obvious a change Wo taW plat?®, 
like the trammiutatkms of tlwi salta of chromic oxide. It is aJLtw a remarkable fact tlial 
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or ■when acted upon by substances capable of taking up chlonno (even 
alkalis, which form bleaching salts). Arfcong the platinum metals, 
ruthenium and osmium have the most acid character, and although they 
give EuC1 4 and OsCl 4 they are easily oxidised to Ru0 4 and 0s0 4 by 
the action of chlorine in £he presence of water ; the latter are "volatile 
and may be distilled with the water and hydrochloric acid, from a 
solution containing other platinum metals. 0 trl Thus with respect to 

the black hydroxide, like many other oxidised compounds of the platinoid metals, does 
not dissolve in the ordinary- oxygon acids, whilst the yellow hydroxide is easily soluble 
and gives yellow solutions, which deposit imperfectly crystallised salts. Metallic) 
rhodium is easily obtained by igniting its oxygen and other compounds in hydrogen, or 
by precipitation with rino. It resembles platinum, and has a sp. gr. of At the 

ordinary tenqiorafcuro it decomposes formic arid into hydrogen and carbonic anhydride, 
with development of heat (Pevillo). With the alkali sulphites, the salts of rhodium and 
iridium of tho typo give sparingly-solublo precipitates of double sulphites of the 
composition by means of which these metals may he separated from 

solution, and alio may bo separated from each other, for a mixture of these salts when 
treated with strong sulphuric acid gives a soluble iridium sulphate and leaves a red in- 
soluble double salt of rhodium and sodium. It may he remarked that the oxides Ir|O a and 
EhgOs aro comparatively stable ami are easily formed, and that they also form different 
donblb salts (for instance, IrCb,HKCl!tll./>, Hhr,l < j I ttNH 4 CI 4 H. J O l Hht.n, 1l nNH I CMliH s| 0) 
and compounds like tho cnbultia compounds (for instance, iuteo-salts HUX^, dNIte, msco 
rnlti, XlhXaHyOffNIIs, and purpurea- salts lrX s ,fiNH 3 . Ac.) Xriduna tuu«/e, Ir./te, Is 
obtained by fusing iridlous chloride and its compounds with sodium carbonate, anti 
treating the mmi with water* Tho oxide is then left as a black powder, which, whim 
strongly heated, is decomposed into iridium and oxygon; it te easily reduced, and ia 
insoluble in acids, which indicates tho feeble basic character of this oxide, in many 
respects resembling such oxides as cobaltio oxide, ceric or lead dioxide, &o. It docs not 
dissolve when fused with potassium hydrogen sulphate. Khodium oxide, IUi f O t1l in a 
far more energetic base. It dissolves when fused with potassium hydrogen sulphate. 

From what ban boon said respecting tho separation of platinum and rhodium it will 
bo understood how tho compounds of iridium, which is the mam associate of platinum, 
aro obtained. In describing the treatment of osmiridhim wo shall again have an 
opportunity of learning tho .method of extraction of the compounds of this undid, which 
has in recent times found a technical application in the form of its oxide, lr/%^ 
this is obtained from many of tho emniKumda of indium by ignition with water, It 
easily reduced by hydrogen, and is insoluble in acids. It is used in painting on china, 
for giving a black colour. Iridium itself is more difficultly fusible than platinum, and 
when fused it docs not decompose acids or even aqua regia ; it is extremely haul, and i# 
not malleable ; it» tp. gr, i® aS‘4. In tho form of powder it dissolves in aqua tegla, and 
is even partially oxidiiwd when heated in air, sets fire to hydrogen, and, In a wofd,«lo»ly 
roaembleB platinum. Heated In an excess of chlorine it gives iridic chlorate,, IrCi € , but 
this lows chlorine at 50°; it Is, however, more stable in the form of double salt*, which 
have a characteristic black colour— for instance, Ir(NH*)aCld— but they give Iridious 
chloride, TrCl 3 , when treated with sulphuric add. 

0 lrl Wo have yet to become acquainted with the two remaining associates! of platinum 
—ruthenium and osmium— whoso most important property is that tiny nr** t-xidiued 
«vcn when heated in air, and that they are a! do to give volatile oxides of the form Uu0 4 
and OsO< ; these have a powerful odour (like iodine ami nitrous anhydride), Both those 
oxid®B arc solids ; they volatilise with great ease at UHP ; the form or it yellow 


thotyppdof cftmbinfttion, all tho platinum motals, under certain circum. 
steiR't'#, give compounds of the typo ltX 4 — -for instance, UQ 8i RCI 4 , &a 

five crystal him oattn with hwm, and their alblba nolatfooft deposit them 

again wtea bolted (to mmm of water decompose* the mite). The formal* 0§0* and 
Bu0 4 mnmpm 4 with tho vapour density of' them oxide#. Thai Devilk found the 
fftpw (tensity of osmSe anhydrite to \m IW (by tho formula W&) referred to hydrogen* 
Totuttol and Vtoquelin discovered thin compound, and lforteliuu, Wohler, FritMche, 
Strove, Ifovilfo, China, loly, and other* helped in its investigation ; nevorthcloHii there 
mo util! many (juoittkw* «onooming it which remain (snsnlved. It should be observed 
that U0 4 ill tho highest known form for m oxygen compound and lilf* is the highest 
biown form for ft, eomptm&d of hydrogen; whttsttto higtent form# of acid hydrates 
contain thff 4 0 |» 1 * 11 * 0 *, SllfOi, OiHOr^afi with four atom* of o*ypn» tod tterofws in 
this numter there It apparently tho limit for this eimpte fewis of ©otnbtaatkm of hydropa 
«id oxygen, lit combiptiea with mm si atom* of to efomtmt, or novuMd totoMiii* 

|h#ro may be mom than O 4 or U*» but a molsetoe aim ototeine taw© than low toons 

of either 0 et H to one atom of toother Thus tho simplest forms of eoroblna* 

Hem of hydrogen tod oxygon are etowostsd by tho list RH*, KH S , BH®» Rib RO, R0 tf 
10$, R0 4 . Tli© extreme members mo RH* and R0 4t tod aw only mot with for such 
elements an earten, etttoon, osmium, ruthenium, whkh also give RGI 4 with chlorine# 
In the so f’Ktrmwi* forma, Hi U tod HO*, tho etunpottnds are tho least stable (oom» 
pure HiH 4l Bib, Blfo, cm# or HuC> 4 » fcfoO#, iforO*, BrO), and easily give up part, or mm 
all, their oxygen or hydrogen. 

Tho primary tow» from whkh tho compounds of mthtoinm and osmium tn 
dbteln«d if either oiiwfiilfttm (tho osmium prodomkafoi, tana XrOe to XrO%» #p. gt. 
from U to ft), which «ewr§ In platinum oves (14 If ditilngulahod from tho gwdns of 
platinum by Its eiysUHlne structure, hardness, and Insolubility In aqua regia), or els® 
thoiw hnxduhlo residues which are obtained, m wo saw above, after treating platinum 
with a»j«» rrgia. Onmlttm predominates in these materials, whkh sometimes ‘contain 
from HO p.ft. fo 4© p c. of it, and randy mom tteu 4 p.Q. to 0 p#o. of riithtuiium, Tho 
invwfws for their treatment in m follows: they are 'first fused with 6 ports of sines, ipd 
the tine hi then cRrwted with dilute hydrochloric acid, Thu osmlridium, thuis treated 
fit, aosordhiK to f^itxscho and Htruvd’e method, Item added to a fused mixture of 
potassium hydroxhte and chlorate In an Iron cruclblo j mane m It bcfdni to owl?® 
mj$m m tho metel, wsi ih# tmMm fefterw«di pw#da «pmitanoo«®ly, Tha 
fatk product to Irtftted with watear, sad gtvss m sottotsa cl osmium tod mtkml , um U 

4 hi foim of solnbte sshs» tud R^tuO# whlltl tbs imt&xM® sssfdM o«telns w 

mlftiif e* o*id m 0 kWmn (ami son# owuftim, rhudlum, md mihmin&h md gr*$m 

d mtosSUo Iridium still united rei, Acocudfog to M«$y% method tho lump of 
oftmirlditot asm straightway bested to wtetenoss tn a percoUtn tube In a stream of air m 
csyi^fi, when the very voltotte ciwulo anhydride it obtained direo%, tod is collooted la 
a wrll*c?- >f>le<I receiver, whilst the ruthenium given atsry«telliao sublimate <^f tho diorlde^ 
|l uo J( whirls i#», however, very difUcnltiy volatile (it voUiUlseu together with osnbo 
aithvdri'bd, iu»d therefore renminu In Urn ce*d«r perilous^ U 10 tube} this method does 
iv4 giv* v< iutih- rutlumk anhydrite, and the iridium and otter metete aro not oxidhiod 
or givo u 4ntik prmhicU, Thi» methyl l« simple, and &4 once gives dry, pur# mmk 
aidtydride in th« rernlvor, and niiheninm dioxide in the uuhUmste. The 4r whkh 
M»«es llTOiifh ttift 4 ubs ahoidtl be pmvteusly pitted t hmngh sulphurfe wild, not only la 
pfo m iff It, hot toss to somove tte organic and reducing duto. Tbs espefr of owfc 
Mihyiflite mmh U pwerfolly tod ultimately pmmd w oto^o ptetoa A 

third »«*; of treatment, whkh l» neM fi^niw% emjdflpd, m» p&Qomd by Witter, 
aad In slightly heating (in er&t* that tho sodlam ^hte<r% itenld not melt) m 

Inline miduro nf oamiridiuifl tod etffe la s ®t*tam of moist chlorine. The 

juiituk U*vn (< 4 m compound* with todoHas tod sodium ohhwido, whilst tho pmima 


But this is the highest form for only platinum and palladium. 
The remaining platinum metals further, like iron , give acid* of the type 

givo rut.honic anhydride, but is always extracted as the soluble ruthenium salt, KgEuOj, 
obtained by fusion with potassium hydroxide and chlorate or nitrate. When the orange* 
coloured rutlumate, KqRuO*, is mixed with acids, the liberated ruthenio acid immediately 
docompoBoa into the volatile ruthenio anhydride and the insoluble ruthenio oxide: 
SKaRuO* + 4EN03^Ru0, i + RuO^Sfll-jO + 4KNO s . When one© one of the above com- 
pounds of ruthenium or osmium is procured it is easy to obtain all the remaining 
compounds, and by reduction (by metals, hydrogen, formic add, A'c.) the metals 
themselves. 

()nmie anhydride, 0 h0 4 , h very easily deoxidised by many methods. It' blackens 
organic substances, owing to reduction, and is therefore used in investigating vegetable 
and animal, and especially nerve, preparations under the microscope. Although ountfo 
anhydride may he distilled in hydrogen, still complete reduction is accomplished when & 
mixture of hydrogen uud osmio anhydride is slightly ignited (just before It inflames). If 
osmium be placed in the ihuno it inoxidieed, ami gives vapours of mimic anhydride, which 
become reduced, and the flume gives a brilliant light. Oainio anhydride deflagrates 
like nitre on red-hot charcoal ; sine, and oven mercury and silver, reduce osmio anhydride 
from its aqueous solutions into the lower oxides or metal ; such reducing agents m 
hydrogen sulphide, ferrous sulphate, or sulphurous anhydride, alcohol, Acs., act in the 
same manner with great ease. 

The lower oxides of osmium, ruthenium, and of the other elements of the platinum 
series are not volatile, and it is noteworthy that the other elements behave differently. 
On comparing S<\, SO-t? Ah/ h, An/ >3 ; V/h, 1V>„; CO, CO,., Ac., we observe a 
converse phenomenon *, the higher oxides are leas volatile than the lower. In the can© 
of osmium all the oxides, with the exception of the highest, are non-volatile, and it may 
therefore be thought that this higher form is more simply constituted than the hiwtf* 
It is possible that osmue oxide, OsO a , stands in the same relation to the anhydride m 
C9H4 to CTi*— i#. the lower oxide Is perhaps 08*0*, or is still more polymerised, which 
would explain why the lower oxides, having a greater molecular weight, aw loss volatile 
than the higher oxides, just as we saw In the case of the nitrogen oxides, N a 0 and NO. 

Ruthenium and o^ntum, obtained by the ignition or reduction of their compounds 
in the form of powder, have a density considerably loss than in the ftoted form, cud diidT 
in this condition in tln ir capacity for reaction ; they are much more difficultly fu .*•.! then 
platinum and iridium, although ruthenium is more fusible than ounium, liufle unuu 
in powder has >t specific gravity of MT», the fused metal of I'd U ; oatuium in powder has a 
specific gravity of lit Hi, and when iiemi-fuMed*-or, more nti'icily .peeking, e 'gl"m< i *»b d — 
in the oxy* hydrogen flame, of dl'f, undfimcd iid'o. The powder of i.lighfh leaf. .1 totmHiu 
oxidincH very ea:.ity in the air, and when ignite*! burns like iiteler, «liu » fly forming the 
odoriferous omnia anhydride (hence its name, from the Creek word signifying odour) ; 
ruthenium also oxidises whim heated in air, but with more difficulty, forming tie* n\jd<< 
MuOp The oxides 0! the typos HO, R/hj, and EO# (and their hydrates) obtained by 
induction from the higher oxides, and also from the chlorides, are atmlogmw to those 
glvon by the other platinum metals, in which respect osmium and ruthenium closely 
mombl© them, W© may also remark that ruthenium has been found hi the platinum 
deposits of Borneo in the form of tewrite, tl u/t 3 , in grey octahudca of ftp. gr. 7't). 

For osmium, Moraht and Wisohin (1HU8) obtained free onmic m id, f 1 .1 » ( by 
decomposing K/hiO* with water, and precipitating with alcohol in a current *d hydrogen 
(benunw in air volatile OaO* is formed); with Il-jH, oKiuie arid gives U-,n , „t tho 
ordinary temperature. 

Dtbray and duly showed that ruthenio anhydride, ItnCq, fum»n ut *jf> \ bnibs ut loir, 
and evolves oxygen when dissolved in potash, forming the salt KltwO* (not liwitiorfihotii 
with potassium pomanganato). 

July (llll), who studi#d the ruthenium compounds in greater dotail, shewed that the 



R0 3 or hydrates, H a R0 4 s=R0 2 (II0) 2 (the type of sulphuric acid) ; but 
they, like ferric and manganic acids, arc chiefly known in the form of 
salts of the composition K 2 B0 4 or K a R 2 0 7 (like the dichromato). Those 
salts are obtained, like the manganates and ferrates,, by fusing the oxides, 
or oven the metals themselves, with nitric, or, better still, with potassium 
peroxide. They arc soluble in water, are “easily deoxidised and do not 
yield the acid anhydrides under the action of acids, but break up, either 
(like the ferrate) forming oxygon and a basic oxide (iridium and rhodium 
react in this manner, as they do not give higher forms of oxidation), or 
passing into a lower and higher form of oxidation— -that is, reacting 
like a m&nganato (or partly like nitrite 'or phosphite). Osmium and 
ruthenium react according to the latter form, as they are capable of 
giving higher forms of oxidatum, 0s0 4 and Ru0 4> and therefore their 
reaction® of decomposition may bo essentially represented by the equa- 
tion * 2OsO 3 =OsO 2 + Os<V 0 

respects. In general, Rn has much in common with Mn, Joly H8S0) tUno showed that 
if KNO» bo added to a notation of RuClj containing HC1, the nolution becomes hot, and 
a cult, RuCl 3 NO*iKOi, in formed, which enter® into double decomposition and is very 
stable. Moreover, if BuCl s be treated with an excess of nitric acid, it forma a wait,' 
BuCl 3 N0H 4 O, after being heated (to boiling) and tho addition of HCh Tho vapour 
density of Ru0 4 , determined by .Debray and Joly, correspond® to that formula. 

10 Although palladium gives tho same type® of combination (with chlorine) as 
platinum, it® reduction to liX*, in incomparably easier than that of platuticchloruta, and 
in tho ettno of iridium itj is also very easy. Iridic chloride, TrCl 4 , act® a® an oxidising 
agent, readily part® with a fourth of its chlorine to a number of unbalance®, readily 
evolves chlorine when heated, and it is only at low temperature® that chlorine and aqua 
regia convert iridium into iridic chloride. In disengaging chlorine iridium more often 
and candy given the very stable iridiem® chloride, IrCIj (perhaps this sulistance is 
Ir^Ol,) •» irCbj,lrCl 4 , insoluble in water, but soluble in potassium chloride, because it 
form® tho double salt KjIrCI#), than the dichloridc, IrCIg. This compound, corresponding 
to IrXt, is very stable, and corresponds with the mm oxide, Ir s O St resembling the 
oxide# FojjOf, CoaCb, To this form there correspond ammom&col compounds similar to 
tho§e given by oobultio oxide. Although iridium also give® an acid in the form of the 
salt KglrgO?, U dots not, like iron (and chromium),- form the corresponding chloride, 
IrClrt. In general, in this as in tho other elements, it is impossible to predict the chlorine, 
compounds from those of oxygon. Just a® there is no chloride fiCfo, but only 8(Jly» so 
also, although IrOj exiiite, Xr01*j is wanting, the only chloride being IrOI 4 , and this 
in unstable, like HOI.., and easily parts 'with its chlorine. In this reaped rhodium in 
very much Idle iridium (an platinum is like palladium). For RhCl,| dccomp*. men with 
extreme eane, whilst rhodium chloride, RUOlj, is very stable, like many of tho salt® of 
the type JLthX 3 , although like the platinum elements these salts are easily reduced to 
tnetni by tho action of heat and powerful reagent®. There is a® close a resemblance 
between osmium and ruthenium. Osmium when submitted to tho action of dry chlorine 
give® mmio chloride, OsOl*, but the' latter is converted by water (as is osmium by moist 
chlorine) into oumic anhydride, although the greater portion is then decomposed .into 
Oe(HO)t and 4HC1, like a obloronhydride of an acid. In general this acid character is 
more develop, -d in osmium than in platinum and indium. Having parted with chlorine, 
osiuto chloride, 0»Cd 4 , gives the unstable trichloride, OiCl^, awl tho stable soluble 
dichloridu. IMJte which eommtxmds with pl&tlaous chloride in it® prut writes and 



Platinum and its analogues, like iron and its analogues, are able to 
form complex and comparatively stable cyanogen and ammonia com* 
pounds, corresponding with the ferrocyanides and the axnmoniacal com- 
pounds of cobalt, which we have already considered in the preceding 
chapter. 

If platinous chloride, PtCl 2 (insoluble in water), be added by degrees 
to a solution of potassium cyanide, it is completely dissolved (like 
silver chloride), and on evaporating the solution deposits rhombic 
prisms of potassium platinocyanide i PtK 2 (01Sf ) 4 ,3H 2 0. This salt, like 
all those corresponding with it, has a remarkable play of colours, due to 
the phenomena of dichromism, and even polychromism, natural to all 
the platinoeyanides. Thus it is yellow and reflects a bright blue 
light. It is easily soluble in water, effloresces in air, then turns red, 
and at 100° orange, when it loses all its water. The loss of water 
does not destroy its stability — that is, it still remains unchanged, and 
its stability is further shown by the fact that it is formed when 
potassium ferrocyanide, K 4 Pe(CN) 6 , is heated with platinum black. 
This salt, first obtained by Gmelin, shows a neutral reaction with 
litmus ; it is exceedingly stable under the action of air, like potassium 
ferrocyanide, which it resembles in many respects. Thus the platinum 
in it cannot be detected by reagents such as sulphuretted hydrogen ; 
the potassium may be replaced by other metals by the action of their 
salts, so that it corresponds with a whole series of compounds, 
and it is stable, although the potassium cyanide and platinous salts, of 
which it is composed, individually easily undergo change. When 
treated with oxidising agents it passes, like the ferrocyanide, into a 
higher form of combination of platinum. If salts of silver be added 
to its solution, it gives a heavy white precipitate of silver platino- 
cyanide, PiAg 2 (CN) 4 , which when suspended in water and treated 
with sulphuretted hydrogen, enters into double decomposition with the 
latter and forms insoluble silver sulphide, Ag 2 S, and soluble hydro- 
ptatinocyanic acid, H 2 Pt(CN) 4 . If potassium platinocyanide be mixed 
with an equivalent quantity of sulphuric acid, the Kydroplatino- 
cyanic add liberated may be extracted by a mixture, of alcohol and 
ether. The ethereal solution, when evaporated in a desiccator, deposits 
bright red crystals of the composition PtH^CN^, 5H a O. This acid 
colours litmus paper, liberates carbonic anhydride from sodium car- 
bonate, and saturates alkalis, so that it presents an analogy to hydro - 
ferrocyanic acid. 1 1 

11 This acid character is explained by the influence of the platinum on the hydrogen, 
and by & attachment of the cyanogen groups. Thus cyanuxic acid, H^CN)^ is an 
energetic addf compared with cyanic add, HCNO. And the formation of a compound. 



Ammonia, like potassium cyanide, has the faculty of easily reacting 
with platinum dichlorido, forming compounds similar to the platino* 

with ftve molecules of water of crystallisation, (PfcIT a (CN) 4 ,5H 3 0), confirms tho opinion 
that platinum is able to form compounds of still higher typos than that expressed 
in Its salino compounds, and, moreover, the combination of hydroplatinocyanio acid 
with water does not reach the limit of tho compounds which appear# in ITCL, *31101, 
6H 3 0. 

A whole scries of frhitinocyanifos of the common type PtIt 3 (CN).piH. i O is obtained 
by means of double decomposition with the potassium or hydrogen or silver salts. For 
example, the salts of sodium and lithium contain, like tho potassium salt, threo molecules 
of water* The sodium salt is soluble in water and alcohol. Tho ammonium salt ha# tho 
composition Pfc(Nl U^ON ) 4f ‘3 1 £ a O ami gives crystals which reflect blue and roue-coloured 
light. This ammonium salt decompose# at $00°, with evolution of water and ammonium 
cyanide, leaving a greenish platinum dicyanid^ Pt(CN) 3 , which is insoluble in water 
and acid but dissolves in potassium cyanide, hydrocyanic acid, and other cyanides. The 
earn© platinous cyanide hf obtained by tho action of sulphurio acid on tho potassium 
salts in the form of amhlish-brown amorphous precipitate. The moat characteristic of tho 
platmoeyanido# are those of the alkaline earths. The magnesium milt I*tMg(CN)4,7lT 3 0 
crystallises in regular prisms, whoso side face# arc of a metallic green colour and terminal 
planes dark blue. It shows a carmine-red colour along the main axis, and dark red 
Along tho lateral axes ; it easily loses water, (*3H/>), at 40% and then turns blue (it then 
contain# GB 3 0, which is frequently the case with the platinocytinido#). It# aqueous 
solution is colourless, and an alcoholic solution deposits yellow crystals, Tho remainder 
of tho water it given of! at &S0°. It in obtained by saturating platinocyanic acid with 
magnesia, or elso by double decomposition between tho barium salt and magnesium sul- 
phate. Tho strontium salt, 8rlH(0N),|,4H 3 0 crystallises in milk* white plate# having 
& violet and green iridescence. When it effloresces in a desiccator, its surfaces have 
a violet and metallic green iridescence, A colourless solution of tho barium salt 
PtBa(CN)i,4lf.,0 is obtained by saturating a solution of hydroplatinocyanio acid with 
baryta, or by boiling the insoluble eopiwr plaiinocy ankle in baryta water It crystallise# 
In monodmio prism# of a yellow colour, with blue and green iridescence ; it loses half its 
water at 100% and the whole at 1 00°. Tho ethyl salt, Pt(C«|I 1 ste( CN ) * >SlH 3 0, is also 
very characteristic j it# crystal# are isoraorphoua with those of the potassium salt, and 
nr©, obtained by patting hydrochloric odd into an alcoholic solution of hydroplatiao* 
oyanfo acid. Tho , facility with which they crystallise, th* regularity of their form#, 
And their remarkable play of colours, renders the preparation of tho platlnoeyauldos one 
pi the mm t attractive lessons of the laboratory. 

By the action of chlorine or dilute nitric acid, tho platinocyanidos are converted into 
Haiti of tho composition rtM a (ON) s , which corresponds with Pt(CN) 3 ,aKCN— that is, 
they express tho typo of ft non-existent form of oxidation of platinum, PiX 5 (he. oxide 
l»t. a 0 3 ), just an potassium forrioyunido (FcCy 3l 8KCy) corresponds with ferric oxide, and 
tho terroey aside correspond# with the ferrous oxide. Tho potassium salt of this series 
contain# nK a {ON) 6> MI./> f and forms brown regular prism# with a metallic lustre, and is 
soluble in water but insoluble in alcohol. Alkalis ro*convert this compound into the 
ordinary platinocyanide K 3 W(CN) U taking up the cxcesm of cyanogen. It in remarkable 
that the write of the typo BU^Oy* contain the same amount of water of crystallisation 
m fee## of tec typo BtM a Cy 4 , Thus the salts of potassium and lithium contain tern, 
and the salt of mafaoaium invent, molecule# of water, life© the eoiwpending «aXfct of the 
typo of platinous oxide, Moreover, neither platinum nor any of its associate# gives any 
cyanogen compound corresponding wite tho oxide, is. having the composition PtK a Cy & 
just as there are no compounds higher than those which correspond to BCy 3 nMCy for 
cobalt or iron, Thin would appear to indicate tho absence of any such cyanide#, and 
..la.,,,...* dHA ftii-A mn contalninu more than throe 


ammonia* Owing to tho influence of tho ammonia^ tho Xj in th# 
resultant compound will represent tho same character m it hm in 

SCOCtf, m PtCla lu able to combine with oxychlorides, ami forms somewhat tteble 
compounds, 

(D) Tho faculty of platinum chloride for forming stable compounds with diver* nub* 
stances shows itself in ih@ formation of tho compound PtCl t> PCt a by tho action of phm* 
phomi pentachloride at SMW° on platinum powder (Pd reacts in a similar mumicr, 
according to Pink, 1803). Tho product contain# both phosphorus pestaeUoridc and 
platinum, whilst tho presence of PtClj h shown in tho fact that tho action of water 
produces chtetrpUiiim-phmpharous acid, IHC^PfOH)*. 

(E) After the, cyanides, tho double suits of platinum formed by tutpkunm* ar id %m 

moat diritinguinhod f<*V their stability and charaoturtHtic properties. Thm in ad the more 
instructive, at sulphurous acid is only feebly energetic, and, moreover, in these, m in ail 
iti compounds, St exhibits a dual reaction. The salts of «ulpbur<*u« arid, either 

react m salts of a feeble bibasio acid, where the group presents itmdf a« bivalent, 
and consequently equal to X^or else they react after the manner of waits of a monobasic 
acid containing Urn name retidu®, KBO s ; h« occurs in the salts of sulphuric acid. In «nb 
phurouh add this rceiduo ia combined with hydrogen, JI(80 5 H), whilst In sulphuric acid 
It ifl united with the aqueous residue (hydroxyl), OH(80$H)» Theta two forms of action 
of tho sulphites appear in their reaction c with the platinum salt*— that Is to say, salts of 
both kinds am formed, and they both correspond with the type 1 HHjX 4 , Th» one 
scries of b&Uh contain PtH.^BOab, and tlmir reactions are due to the bivalent roddne 
of sulphurous add, which replaces X* 4 . The othum, which have the eomj*o*uf.k«i 
EtB^(BOgll) 4 , contain aulphoxy!. Tho latter salts will evidently ruaet like acids ; tlmy 
arc formed simultaneously with the imlts of tho first kind, and jwi into them. Thvm 
salts are obtained either by directly dissolving platlueu® oxide In water eoutafating nub 
phurous acid, or by passing tulphurcma anhydride lute a eolation of platfooa* chlorkls 
fat hydrochloric add* Xf a solution of platboae chloride or jdatinous oxide In sul|4iuroaa 
acid be saturated with sodium carbonate, It forms a white, sparingly soluble precipitate 
containing EtH%(iOgNa) 4 ,7lItO. Xf tills precipitate bo dissolved in a small quantity of 
hydrochloric add and left to evaporate at the ordinary temperature, ft deposits a mil of 
too other type, PtN%(80g)^H a 0, in the form of a yellow powder, which h sparingly 
soluble In water, Tho potassium salt analogous to tho first salt, lHK v (HOjtK) 4 ,tti{aO, i« 
precipitated by panning sulphurous anhydride into a solution «%f potassium sulphite In 
which platinous oxide is raspended. A similar twit Is known for ammonium, and with 
hydrochloric add it gives a salt of the ttecond kind, rfc(NH 4 ) 3 (H(„> t1 ,).j,H. i O, If »uiim«ftk>* 
chloride of platinum bo added to an aqueous solution of sulphurous anhydride, it U first 
deoxidised, and chlorine is evolved, forming a salt of tin iyj*o 1‘tX* \ a dmibio *!oc«itijti> 
elttott thro takes place with the ammonium sulphite, and a wait of the eataf«*»tiwi 
XH(NIX 4 )t 01 |( 8 C%II) It formed (in a deeiecater). Tins add eharaeler of this eubetetieo i# 
€StpWn#d % tho fact that It eontslne the demants §0^11— eelphoxyl, with tho Hydrogen 
act ynt dtephieed by • «*WU On saturating a eofoton of this acid with potiwsl«ik> 
ouftouiftt ft. gtvse crystals of a petawfum salt of the eompesltieii 

^(Nl^sOlaCiOi^C). Here it Is evident that an equivalent of dkfcwiae in Ptpl^lf^i it 
replaced by the univalent residue of sulphurous add. Among thee® salts, that of the 
composition Tt(NI4h<^(&0aH>;,H*0 is very readily formed, and cry stall iuua In w«lb 
formed oolourlcs® crytMsj It Is obtained by dissolving ammonium platinum whloritle, 
3^t(N 1X4)^014, In an aqueous sedation of sulphurous acid, Tho difficulty with which §mh 
phuroufj anhydride and platinum arc wjjtarakHi from those salts iiidn-atos the name Ihw'm 
etemriwin those compound® as h seen in the double cyanides of platinum, ii* their 
Ptfefemge My a complex salt, tho metal platinum and the group IjO* modify tWlr 

(ecenparod with thoee of X»tX a or BQ a X s ), just im tlm chlorine In the salts KC10, 

£GKb. and KCIA. n mmaAiSa.) a u« «« win. 


atnmoiiaoal salts.; consequently, the ammoniacal compounds produced 
from PfcXj, will be salts in which X will be replaceable by various 
other haloids, jijst as the metal is replaced in the cyanogen salts ; such 
is the nature of the platincbammomum compounds. P$X a forms com- 
pounds with 2XH a and with 4NTI 3 , and so also PtX 4 gives (not 
directly from PtX 4 and ammonia, but from the compounds of PtX u by 
the action of chlorine, &e.) similar compounds with 2NH.i and with 
4Niy a 

(F) No k®n characteristic arc the* jplatinonitritss formed by platmous oxide* They 
correspond with nitrouf add, who®© units, KNGg, contain the univalent radicle, NO a , 
which i« capable of replacing chlorine, and therefore the fait® of this kind should form a 
common type PfcE 3 (NO s ) 4 , and such a Balt of potassium has actually boon obtained by 
mixing a solution of potassium platlnoMoehloride with a solution of potassium, nitrite, 
when the liquid becomes colourless, especially if it to heated, which indicate® the change 
in the chemical distribution of tho elements. As the liquid decolorise® It gradually 
deposits sparingly soluble, colourless prism® of tho potassium salt K a Pfc(NO.|) 4 , which 
does not contain any water. With silver nitrate a solution of this salt given a precipitate 
©f silver plntimmitrite, PtAg. 4 (NO y ) 4 . The silver of thin salt rutty to replaced by other 
metals by mean® of double decomposition with metallic chlorides. The sparingly soluble 
barium salt, when treated with an equivalent quantity of sulphuric acid, given a soluble 
acid, which separates, under the receiver of an air-pump, in red crystal® ; this acid h»* 
Clui composition MH a (N0 2 ) 4 . To the potassium salt, KjjPtfNQy)*, tore correspond 
(Thtm, 1B9S) K 3 M(NOy) 4 Br d and K ft M(NO a ) 4 Cl a and other compounds of to same typo 
K^l’tXfl, where X I® partly replaced by Cl or Br and partly by (NO#), ehpwmg a 
transition towards tho typo of tho double salts like the platino-ammoniaoal salts. {The 
©orriwjKinding double sodium nitrite fic.lt of cobalt in soluble in water, while ho K,NH 4 
anti many other unite are insoluble in water, as I wmi Informed by Xhof. K. Winkler 
in 1804), 

In all tin?, preceding complex compound® of Pt wo coo a common typo PtX a ,QMX 
(i.o. of double salt® commponding to PtO) or XHM a X 4 •» Pt(MX a ) a , corresponding to 
with to replacement of O by Its equivalent X* Two other fact® must also bo 
noted. In the first place tote X*® generally correspond to dements (like chlorine) or 
groups (like ON, NO®, 80^, &e.), which are capable of farther combination, In to 
second plots# all to compounds of to type MM S X 4 are capable of combining with 
chlorine or simitar dement®, and thus passing into compounds of to typo® MX® or MX 4 . 

** Tho platinum salt and ammonia, when onco combined together, aw no longer 

subject to their ordinary reaction® but form compounds which are comparatively very 

©table. The question at once suggests itself to all who are acquainted with tote pheno- 
mena, an to what is the relation of the .element® contained in these compound a. The first 
explanation Is that those compounds are salts of ammonium in which the hydrogen is 
partially replaced by platinum. This fa the view, with certain shades of difference, held 
by many rofipootmg the platino-ammonium compounds. They wore regarded in this 
light by Gerhard t, Botilff, Kolta, Weltxien, and many other®. If wo supposo tho hydro- 
gen to UNIi^X te to replaced by bivalent platinum (as in to salts MX*}, we toll 

obtain tot is, to compound PtXa,9NH$. Tho compound with 4NHs ^ 

ton to rtpretimted by a ‘further sutotitution of to hydrogen iu ammonia *by ammo* 
fiium Itetif— 4«. a® NH a (NH 4 X),Pt or MX*4 NH* A tmmmSm of to view Is found 
ha that representation of compounds, of this kind which So based m atomicity. A® 
platinum in PtX a I® bivalent, has two affinities, and ammonia, Nils, Is also bivalent, 
because nitrogen It quinquivalent mad li tore only combined with Hj, it is evident what 
bonds should to represented in TtX a , k iNH 3 and in MX&4NH$. % la to former, Pt(NH 4 Cl)#» 


If ammonia acts on a boiling solution of plafcinous chloride in 
hydrochloric acid, it produces the green mU of Mmjnm (1829), 


platinum, and by tho fifth with chlorine. The other compound h PtiNH^NHjCl)^ that 
is, tho N m united by one affinity with tho other N, whilst tho remaining bonds are tho 
game &» in tho first gait* It is evident that this union or chain of ammonias has no 
obvious limit, and the mo«t oanential fault o! such a mode of representation is that it does 
not indicate at all what number of ammonia* ate capable of being retained by platinum. 
Moreover, it it hardly possible to admit the bond between nitrogen and platinum in mid* 
stable compounds, for these kinds of affinities are, at aU events, feeble, and cannot load 
to stability, but would’ rather indicate explosive and easily ^©composed compoundm 
Moreover, it in not clear why this platinum, which ia capable of giving lT,X t , duos nut act 
with itu remaining affinities when the addition of ammonia to FtX^ takes place. These, 
and certain other considerations which indicate the imperfect it at of this representation of 
the structure of the platino-ammonium aalta, cause many rhomhtt'i t«> incline mme in the 
representations of Xtarreliua, Claus, Gibbs, and others, who mtppose that N 1 1 * in able to 
combine with substantia, to adjoin itself or pair itself with them (this kind of tioiubmation 
is called * Paarung *) witlmut altering the fundamental capacity of a imUtamm for further 
combination®. Thus, in the ammonia ii the associate of PtX», an in 

expressed by the formula N^BoBtXV Without enlarging on ih« deposition of the detail** 
of this doctrine, wo will only mention that it, like the first, dow not render It possible to 
foresee a limit to tho compounds with ammonia; it Isolates «emjK>undi of thin kind 
into a special and artificial churn; does not show the connection between compounds of 
this and of ether kinds, and therefore It ctmontiully only «txprem«>* the fact of tin* com- 
bination with ammonia and the modification in its ordinary reaction*. For there 
reasons wo do not hold to either of these proposed representations of the ammonia* 
platinum compounds, but regard them from the point of view cited abevn with reference 
to double tails and water of orystadlisatiou— that is, wo embrace all these compounds 
under the representation of oompoumls of oompfox typox. Tim type of the. compound 
PfcX a ,fiNII;j is far more probably tho same at that of PtXt^Z— it. m IHX*, or, still mow 
■accurately and truly, it ii a compound of the name type os PlX«,fiKX or FtX^ilf p, d*c. 
Although the platinum first entered into IHK 4 X* as the type PtX f ,y*?Ut« character has 
changed in the same manner as the character of sulphur changes when from BO- 3 the coin, 
pound SOtj{OH)a is obtained, or when KC1D 4 , tlmhigher form, is obtained from KC1. For us 
as yet there is no question as to what affinities hold X j and what hold UN H> because this 
is a question which arises from the supposition of the existence of different iiflhuiim in tho 
atoms, which there in no reason for taking as a common phenomenon. It urns t*» me 
that it its most important m a oammenct'tnitnt to render clear the an ah v ;v in the formation 
of various complex compounds, and it in this analogy of the ammonia compound?* with 
fhuit of water of crystallisation and double Halts that forma the main object of the 
primary gmeraliiAtion* We recognise in platinum, at all evenU, not only Urn ffiur 
affi&itfat exprtiifid in the compound FtOl*, but a much, larger number of them, if only 
i|e mmmattM Ii actually possibfc* Thus, in sulphur we reediptfie not two 

but a much greater number of affinities 5 It 1» cleat that at least ii* affinities fait act* 
0c site among Hm anatoguatof platinum; otmta anhydride, 0«0 4 , MiCC0) 4> V tlf-|€l rt , dro. 
indicate the •ii«feenet of at least eight affinities ; whilst, in chlorine, judging from the 
compound KCU> 4 - O10 S (OK) » ClXy, wo must recognise at least mwmi afiluitiex, 
initcad of the one which is accepted. Tim latter mode of calculating affinities U a tribute 
to that period of the development cl science when only the simplest hyd» < tgwn «,« »mp» muds 
wer® considered, and whan all complex compounds were entirely neglected uhey ware 
. ..placed under the clots of molecular compound*). Tins hi insufficient for Hid present 
tMa of knowledge, btoaum w® find that, in complex compounds a» In tit® moat chnpla, tho 
(MW constant typea or modeg of equilibrium ar© repeated, and the ohaxaoiw of eartata 
elemonta p greatly modified in tho passage from tho mmh thapi# into vary complex 



PtCI t ,2NH a , insoluble in water and hydrochloric acid. But, judging 
by its reactions, this salt has twice this formula. Thus, Gro® {1837), 
on boiling Magnus*® salt with nitric acid, observed that half the chlorine 
was replaced by the residue of nitric acid and half the platinum wm 
disengaged: 2PtCl,(NH 3 ) a + 2HN0 3 = RCi s (NO s ) 9 (NH 3 ) 4 + 2PfcCl*. 
The Gros’s salt thus obtained, PtCl a (N 0 3 ) a 4N II 3 (if Magrms'g salt 

Judging from tho moat complex platino-ammomum compounds XHCl^NII^ we 
should admit, tho possibility of the formation of compounds of the type FtX^Y*, where 
X* *® 4X a « 4NH a ; and thin shows that them) forces which form trach & characteristic 
mien of double platiuoeyanidcs I'tK a ( 0 N) 4 ,SH 3 0 ^ probably also dotemkwth© temattoa 
of thro higher ammonia derivatives, as is sees on comparing— 

tier, NH, Cl* 8NH» 

math kcn kcn 8H,o. 

Moreover, it is obviously much mow, natural to ascribe the faculty for combination 
with »Y to tho whole of tho acting elements— that Is; to PtX* or PtX 4 , and not to 
platinum alone. Naturally such compounds are not produced with any Y. With 
certain X*t# thorn only combine certain Y’h. The best known and most frequently-, 
formed compounds of thin kind are those with water— that is, compounds with water of 
crystallisation. Conqwmnds with naUn are double salts; alio wo know that similar 
compounds are also frequently formed by moons of ammonia. Salts of »nc } ZnX§ 9 
copper, puX a , silver, AgX, and many others give similar compounds, but then© and many 
other amm onio-meiallie saline compounds are unstable, and readily part with their 
combined ammonia, and it is only In tho elements of the platinum 'group and in tho 
group of the analogues of Iron, that we observe the faculty to form stable ammonio* 
metallic compounds. It must be remembered that tho metals of the platinum and iron, 
groups arc able to form several high grades of oxidation which have an acid character, 
4M»d consequently in the lower degrees of combination there yet remain affinities capable 
of retaining other eloments, and they probably retain ammonia, and hold it the more 
stably, bsoauiMt all the projK>rti«a of the platinum compounds are rather acid than basis 
—that is, PtX» recalls rather HX or BnX* or OX* than XX, CaX*, BaXg, Ac* and 
ammonia naturally wiU ratlunr combine with oft acid than with a baaio substance. 
Further, a dependence, or certain connection of thq forms of oxidation with tho ammoidf 
compounds, h mmn m comparing tho following compound® s 

PdCl f ,SNH 3 ,HflO I v dCla,4NH^HsfO 

ptCMTOi 

nnc^mu 5 Mho 

IrOljjCNHg OiClg^N^^HflO 

Wo know that platinum and palladium give compound® of lower typos than Iridium 
and rhodium, whilst ruthenium and osmium give tho highest forms of oxidation ; this 
shows itself in this case also. We have purposely cited the same compound® with 4N% 
lor, osmium and ruthenium an we have for platinum and palladium, and it in then ###» 
that lit* and Os are capable of retaining $m a O end 8H s O, beside® Clg and NHg, w hteh 
ih# COT®p«pmdi of platymun and palladium arc unable to do. Tho » idea* 

_L1.L Jl— -r-.'l — - M A. m ,1... it. 1U. ^ 


belongs to the typ* PtX a , then Gros’s salt belongs to the typo PtX 4 ), is 
soluble in water, and the elements of nitric acid, but not the chlorine^ 
containexl in it are capable of easily submitting themselves to double 
saline decomposition. Thus silver nitrate does not enter into double 
decomposition with the chlorine of Croats salt. Most instructive was 
the circumstance that Gros, by acting on Ms salt with hydrochloric 
acid, succeeded in substituting the residue of nitric add in it by 
chlorine, and the chlorine thus introduced, easily reacted with silver 
nitrate. Thus it appeared that Gras’s salt contained two varieties of 
chlorino— ono which reacts readily, and tho other which react a with ’ 
difficulty. Tho composition of Gres’s first salt is PtCl d (NH 3 ) 4 (N 0 3 ) a ; 
it may be converted into PtCl a (NIf a ) 4 (S0 4 ), and in general into 
PtCL 4 (NII 3 ) 4 X 3 . 13 

The salt of Magnus when boiled with a solution of ammonia gives 
the salt (of Boisefs first base) PtCl t (NH<>) 4 , and thk, when treated 
with, bromine, forms the salt PtCl a Br i (NII i ) 4> which hast tho name 
composition and reactions as Oros’i salt. To Boisot’s ©Alta there 
corresponds a soluble, colourless, crystalline hydnm<lv t Pt(OII) a (NIF 3 ) 4 , 
having tho properties of a powerful and very energetic Mail ; it 
attracts carbonic anhydride from tho atmosphere, precipitates metallic 
©alts like potash, saturates active acids, oven sulphuric, forming 
colourless (with nitric, carbonic, and hydrochloric acids), or yellow 
(with sulphuric acid), salts of tho typo PtX a (NII 3 ) 4 d < Tho com- 

15 Subsequently, % whole mtlm o t such compounds wan obtained with various* 
etamcinti in tha place of tho (non-roacting) chlorine, ami novortholuad they, like tho 
ohlorino, reacted with difficulty, whilat tho second portion of tho X*n mt5.«lu*-t>d into 
©ueh ealta eiuuly underwent reaction. This* formed the moat important reason tor Um 
interest which the utudy of tho composition ami structure of the pinliitM'iimmniiitun 
salts uubpequently presented to many them fata, muh an 1 tel suit, Ulotuidmud, l>yrt*m\ 
Raoftski, Oorhivrdt, Buckton, Clive, Thomaen, .lurgemam, Iteuruakoff, Writer, and 
others. Tho fudts rtKifSNUf, clittci'>v«)r«-Ml by Uerhardt, alee exhibited several different 
properties in the two pairs of X’t. In the remaining pUUno-annmmiutit mtita all the 
X'a appear to react alike. 

The quality of the XX rotelmbta in the pUttaodtminonititft mils, may be considerably 
modified, «l they may frequently bo wholly «t partially wptaeed by hydroxyl. For 
tht ttctfeaoi Ammonia ou the nitrate pf tmm, in a 

boiling rotation, gradually produces a yellow crystalline pwlpltet# which is nothin# 
olii than a bmt® hydrate m alkali, Pt(OH) 4l SNH$. It in sparingly soluble in wet* r, bat 
gives directly notable wits BtXn&NJlj with acid#. The stability of this* hydro«id«> is 
inch that polunh does not expel ammonia, from it, oven on boiling, and it u-.t rhangit 

below 100*’. Similar properfciefi are shown by the hydroxide and the 

Oxide 1 * tO ,SN Its of Keiaet's second baae. But the hydroxide* of the n»mp .meh o«fi» 
fairing 4 Nils are particularly remarkable. The pro«meo of anmenua nmdors them 
tMtft And enugetio. The brevity of this work docs not permit us* Iwwertr, to 
mm tatemting particular* in connection with this subject. 

** Hydroxides are known oovrssnondiutf with Gres's suite, which contain one hvdroxvl 


par&tiv© stability (for Instance, as compared wit'll Agd and NH 4l ) of 
such compounds, and the existence of many other compounds analogous 

and thow hydroxide® do not at onm thow the properties of alkalis, just as iho ©Morin® 
which stands in th© mm© place do©* not smet distinctly ; but still, after the prolonged 
action of adds, this hydroxyl group is also replaced by acids. Thus, for example, the action 
of nitric acid on Pt(N0 3 ) 3 01 a ,4NH 3 causes the non-active chlorine to react, but in the 
product all the chlorine is not replaced by N0 3 , but only half, and the other half is replaced 
by the hydroxyl group: in(NOa) a Cl ? ,4NH 5 + HNOj + H a O « Pt(N0 8 ) s (01 I),4NH 5 + SdHCl ; 
and this is particularly characteristic, because here to© hydroxyl group has not reacted 
with the acid— an evident sign* of the non- alkaline character of this rctiduc. 1 think it 
may he well to call attention to the fact that the composition of Che. ammonio-mcUllo- 
•olte very often exhibits a correspondence between the amount of X’a and the amount 
of NH 3 , of each a. nature that we find they contain either XN1I 3 or the pooping 
XSMHg ; for example, Pt(XNKg) 9 and Pt(XiNM 3 ) 3f Co(X$NH ? ) 5> FtfXHH^ A* 
Judging from this, the view of the constitution of too double cyanides of platinum 
given in Note, 11 finds some confinnation hero, but, in my opinion, all questions 
respecting the composition (and structure) of the ammoniacal, double, complex, and 
crystallisation compounds stand connected with the solution of questions respecting th# 
formation of compounds of various degrees of stability, among which a theory of 
(Whitten® must ho included, and therefore 1 think that the time has not yet come for m 
complete generalisation of the date winch exist for these compounds ; and hero I again 
refer to© reader to Prof. Kournakoffn work cited in Chapter XXXI,, Note 89. However, 
we may add a tow individual remarks concerning the platmia compounds. 

To. the common properties of toe platino-ammonium salts, we must add not only their 
stability (feeble acids and alkalis do not dccompoac them, the ammonia is not evolved 
by heating, it©.), but also the fact that the ordinary roactidn® of platinum arc concealed 
in them to an great, ah extent an those of iron in the ferrioyamdos. Thus neither alkalis 
nor hydrogen sulphide will separate the platinum (mm them, For example, sulphuretted 
hydrogen In acting on G rush's salts gives sulphur, removes half the chlorine by 1 moan® of 
its hydrogen, and terms salts of Hemet ’ a first haw. This may ho understood pr explained 
by otmuidorhtg the platinum in the molecule an covered, walled up by the ammonia, dr 
situated In the centre of the molecule, and therefore inacciwiWc to roagant®. On this 
assumption, however, we should expect to find ctearly-#xpro®®#d ammoniacal properties, 
and tins Is not too ewe, Thus ammonia in easily decomposed by chlorine, whilst m 
acting on to© pktiuo- ammonium salts containing PtXj ami 8NH* or 4NH®, chlorine 
combines and docs not destroy to© ammonia j it converts Iteitiit’s salt® Into those of 
Oroi and Otrhardi Thus from PtX a) 2NK* there is formed PiX 2 C%2NHg, and from 
FtX s ,4NK* the salt of Groite base lHX a Cl 9s 4NXX 3 , This show® that the amount of 
chlorine which combine® it not dependent on th© amount of ammonia present, but li due 
to the bawl© properties of platinum. Owing to this tom© chemist® suppose th© ammonia 
to be inactive or passive) in certain compounds. It appears to mo that these relation®, 
three modifications, in the usual properties of ammonia and platinum arc explain ed 
directly by their mutual combination. Bulphur, in sulphurous anhydride, BO a , and 
hydrogen sulphide, Hll # , is naturally on© and th© same, but it we. only knew of it in the 
form of hydrogen sulphide, then, having obtained it in th© form of sulphurous anhydrite, 
wo should consider Iti properties m hidden. The oxygen in magnesia, MgO, and' In 
tdtric p«w*id%. NO®, la to different that there is no resemblance. Aromfo ao torngwr 
mote In Its compound* with hydrogen m It react® ha its compound* with ©Merino, and 
in their compounds with nitrogen ail motels modify both their reaction® and thoir physical 
proj^rtie®. We arc w»u»tem©d to judge the meted® by toeir talln# compound© with 
hahdd groups, and ammonia by its compound® with acid substance®, and hero, in th® 
platimv-eompound®, if we assume the platinum to bo bound to the entire mans of the 
Wiuonia— to it® hydrogen and nitrogen— we shall understand that both the platinum 



to them, endows them with a particular chemical interest. Thu® 
KoumakofF ( 1880 ) obtained a series of corresponding compounds contain- 

tion of the chlorine (and other haloid simple and complex groups) in Ormi** oaUs acts* in 
a different manner from tho other portion, and why only half of it net* m the usual way, 
Bat this also is not an exclusive eiiae. The chlorine in potmen um cliforato or in carbon 
totrachlorido does not react with the same <mumi with metal* m the chlorine in the mdt* 
corresponding with hydrochloric acid. In this cm# it U united to oxjgi’ti and carbon, 
whilst in the pl&tlno* ammonium compound* it I* united partly to platinum and partly to 
tho platino-fturraeuium group. Many ohomists, moreover, suppo'-it* that » part of tho 
ohlodno is united directly to the platinum and the other part to the nitrogen of tho 
ammonia, and thus explain the difference of the reaction* » hut chlorine united to 
platinum react* &« well with a. silver salt «ia the chlorine of ammonium chloride, N!I 4 <»1» 
or nitroeyl chloride, NOC’l, although there i» no douht that in thin case there it a 
union between tho chlorine and nitrogen. Hence ifc in iirrc»utiry to explain tho absence 
of o facile reactive capacity in a imrtfon of tho chlorine by the conjoint iufhumoo 
erf tho platinum and ammonia on it, whilat tho other portion may bo admitted an 
beteg under the influence of tho platinum only, and therefore an reacting a* in other 
salts. By admitting a curtain kind of utabte union in tho ptoMinnattmuumim grouping, 
it I» possible to imagine that the ehJodao dees not react will* ill oustouuMy facility, 
bsoouw aoc4ii to ®> porta of the atoms of chlorine in thU complex grouping !» difficult, 
and tho chlorine union is not the mxm m we usually meet in tho oaHue compound# of 
ehlorim Those are the ground* on which we, in refuting tin* now accepted explanations 
of tho reactions and formation of tho plutino*eompoun<l;i, pronounce tho following opinion 
as to their structure. 

In characterising the platitttvamxnomum romixminfo, it h ncecnmry to bear in mind 
that compounds which already contain i'tX 4 do n**t c.-mbimi directly with N 1 1 j, and that 
ouch compounds as ordy promsed from l*tX 3 , and therefore it la natural to 

eo'jftclud© that ta* afffnita and farces which cause TlX* to combine with X§ also eauau 
ft to combine with &NH* And having the compound IHX^NB®, and supposing that in 
uubaeffuentty combining with Cl 8 it reacts with thus© aftlmta which produce the com. 
pounds of platinic chloride, TtCl*, with water, potassium chloride, potassium cyanide, 
hydrochloric add, and tho like, wo explain not only tho fact of combination, but alio 
many of tho reactions occurring in tho transition of mi© hind of ptotut<»*.iuiM-‘umm suit* 
into another. Thus by this mean© we explain the fact that (1) PtX^'iNIl,* combines 
with StNUj, forming tudU of ltoiaeL'ii first ban* ; (vff »uid the fact that this compound 
*(ropnmontod w fallows for diatinctnesa), I'tX j/iNH^UNlij, when tomtod, or even when 
boiled in Solution, again pasuen into i*tX 4 ,*JN 1 l - (which resemble* the easy dtaongstgo* 
meat of water «! crystallisation, do.) ; (il) the fact that TrX^'JLN H3 in capable of absorbing, 
under the action «f the stuns forces, a molecule of chlonun, winch it 

then retains with energy, because it is attracted, not mdy by tho platinum, but also |*y th* 
%dr©j?©a of the ammonia j (4) tho foot that tins chlorine held in this compound |«»f 
dtrhttdt) will have a position unusual in salts, which will explain i oorfcutt (although 
*mf fssbly*xuihriud) difficulty of motion ; {») the foot that this does not exhaust the 
hn»% of platinum tor forth©* combination (wo n««t only mmnII th* 

toot there fare both iHX, 3 ,tiNH s ,asMid WXfcSNa*' «K» t m itltt 
oapablo of oemltata, w honor tho totter, with ohlorfne, gifts 1’tXf JNIf^tHlfs.Cl^ 
frftsr tho type of TlX^X* (find perhaps higher) j (6) the foot that Gron's oompotmtls 
thus fdnned are readily re-converted into Urn salts of ftoiset's first bare when acted m 
by reducing agents; (?) the fact that in Ores'* salts, rtX s ,aNHdNH,X)„ the nrwly> 
attached chlorine or haloid will react with difficulty with tuUto of diver, Ac., Uwatisu it is 
attached both to the platinum and to the ammonia, for both of which it baa an at tract ton; 
(&) thi fast that tho faculty for further combination to not even y«t *»h* tutted in the 
#tot*it Sidts, and that wo actually have a comjHittnd of Urea's cbforim* adit with 
a®m Ohtorlds sad with ptotinio ehtoridej th© salt IHSO^ttNHfcflKIMO. coin. 



ing thiocarbamido, CSN 2 H 4 , in. tho place of ammonia, PfeC! 2> 4CSN 2 H 4 , 
and others corresponding with Keiset’s salts, Hydroxylamino, and 
other substances corresponding with ammonia, also give similar com- 
pounds. The common properties and composition of such compounds 
ahow their entire analogy to tho cobaltia compounds (especially for 
ruthenium and iridium) and correspond to tho fact that both the 
platinum metals and cobalt occur in tho same, eighth, group. 

molecule® in naturally morn dovolojnul in tho lower forum of combination titan in tho 

higher. 1 1 mm tho salt® of Itoisot’® find hauo — for example, BlClj/JN I l 3 ,2N ll 3 -both 

.-combine with water anti give precipitates (soluble in water but not in hydrochloric acid) 
of double salt® with many salt® of tho heavy metals— for example, with load chloride, 
cupric chloride, and aha with platinio and platinous chlorides (Bnokton'o salts). Tho 
latter compounds- will have the composition lHCla ? 2NH 3 ,9NHg,PtClr^tlrat hi, the soma 
composition fti the ■ salts of Rcinct’s second base, but it cannot bo identical with it. 
Such an interesting case docs actually exist, Tho first salt, lHCh,4NH 3 ,IHCb, is green, 
insoluble in water and in hydrochloric acid, and is known as Magnus's salt, anti tho 
second, PtCl 4 ,‘iNH 3 , is Heineth yellow, sparingly noluhle (in water). They arc polymeric, 
namely, the first, contains twice the number of elements held in tho second, and at tho 
game time they easily pass into each other. If ammonia ho added to a hot hydrochloric 
acid solution of platinous chloride, it forms the salt PtCl M ,4NH 5 , but in tho presence of 
an excess of platinous chloride* it gives Magnus's salt. On boiling tho latter in ammonia it 
gives a colourless soluble salt of Rmset's first base, PtCl 8 ,4NH 3 ,and if this be boiled with 
water, ammonia is disengaged, and a salt of Koittet's second bate, IHCl$$NH<s, is obtained. 

A chum of phttino- ammonium isomerides (obtained by Millon and Thomsen) are also 
known. Iturkton’s salts- for example, the copper salt— were obtained by them from tho 
salts of Rrisot's first base, l'tOl 4 ,4NH 3 , by treatment with a solution of cupric chloride, 
A*<\, and therefore, according to our method of expression, Bnekton'n copper suit will be 
XM.tTj,4NJi 3 ,Ou<.U. 1 , This salt is soluble in water, but not in hydrochloric acid, In it 
tho ammonia must bo consuhirckl as unit<Ml to the platinum. But if cupric chloride bo 
dissolved in ammonia, and a solution of platinous chloride in ammonium chloride is 
added to it, a violet precipitate is obtained- of the same composition as Buck ton's 
gait, which, however, h insoluble in water, but soluble in hydrochloric acid. In this a 
portion, if not all, of the ammonia must be regarded a*^ united to the copper, and it must 
therefore bo represented as OuCl a ,4N H^PtCl* This (prm is identical in composition 
but different in properties (i» isomeric) with tho preceding salt (Buckton’s). The mlt of 
Magnus is intemodiato between them, XHCl a ,4NH 3 ,Pt01„ ; it is insoluble to water. and 
hydrochloric acid. These' and certain other instances of isomeric compound® in the 
aeries of tho phUttuv. ammonium salt* throw a light on the nature of the compound! in 
.question, just as tho study of the isomoridot of the carbon compound® hat served and’ 
still nerves an the chief cause of the rapid progress of organic chemistry. In conclusion, 
we may add that (according to the law of substitution) wo rouut neccnnarily expect all 
kinds of intermediate compound® between the platino and analogous ammonia deriva- 
tives on the turn hand, and tho complex compounds of nitrous acid on tho other, 
X 'crimps tins instance of the reaction of ammonia upon omuio anhydride, 0§0 4 » observed 
by Fritsche, Frdmy, and others, and more fully studied by July (IBM), belong® to this 
class. The latter showed that when ammonia acts upon an alkaline solution of OuO* 
the reaction proceed# according to the equation : OhO a 4 KX 10 + N *» 0®NK0$ 4 * &H 3 O. 
It might bo imagined that in Bus cose tho ammonia is oxidised, probably forming tho 
rewdue of nitrous acid (NO), while th© type 0«0 4 is deokidieeft into OtO», and a salt, 
OsO(NO)iKO), of the type O&X 4 formed. This salt crystallites well in light yellow 
octahedra. It corresponds to omniamie acid, 0#0(0N)£H0), whose anhydride, 
(OiO(NO)}], hat tho composition 0saN a 0 3 , which equals aOs+N 3 Oj to the same extent 


CHAPTER XXIV 

comm, silver, and cold 

Tn \r «!. ? :r«t of analogy ami difference which exists between iron 
|,J m “ l uivh ' 1 ropiiaU itself in tho corresponding triad ruthenium, ' 
palladium, and also in the heavy platinum metals’ 

* u. uuu, iridium, and platinum. Those nine metals form Group VIIL 
i i Um dr menu in the periodic system, being the intermediate group 
Iwi wmm t!,t» own rloinoxite of the largo periods and the uneven, among 
tvldrli wo lm»w lino, cadmium, and mercury in Group II. Copper, 
and gold complete 1 this transition, because their properties 
j hw f h< mi m proximity to nickel, palladium, and platinum on the one* 
!m *uul t«* imr, c admium, and mercury on the other. Just as 2n, 
Cd # and lig ; J'V, Hu, and Os; Co, llh, and Ir ; Ni, Pd, and Pt, 
rtwtnblr tnwdi ether in many respects, so also do Cu, A g, and Au. 
Thin*, tot i’lkimiple, the atomic weight of copper Cu = 63, and in all its 
l*ftip"!4»r« it Htnmls between Ni = f>9 and Zn = 65. Put as the tran- 
sition f n »m Group VITL to Group II, where zinc is situated, cannot be 
i-tht-rwi-io than through Group I, so in copper there are certain pro- 
I rii* - *.f th,* t'Uiui-ntH of Group L Thus it gives a suboxide, Cu 2 0, 
nnd ? df , liter the elements' of Group I, although at the same 
ts u* o i riu an «*xidr, OuO, and salts CuX 2 , like nickel and zinc. In 
t h> uo «.f I Is*' oxide, OuO, and tho salts, CuXo, copper is analogous to 
if'it'.c* judging from the insolubility of tho carbonates, phosphates, and 
taiodar i»a!t*, and by the isomorphism, and other characters. 2 In the 
tsuproui* foil in there m undoubtedly a great resemblance to the silver 

* flu? twvfeeliy miqm paxitum held by copper, silver, and gold in the periodic system 
4.4 Um m*i the degrue of affinity which is found between them, is oil the more 

»* iifttMo ami pr&Mkw have long isolated these metals from all others by 
them— k»r example, for coinage— and determined their relative 
JJ,. ’ .. ,.ud v dtm in conformity with the order (silver between copper and gold) of 

J iUU' V4» ill i, »* •*. 

I t ,uh h.^ n.utuiii« n mokeulos of water, CuS 0<,5II 2 0, and the isomorphous 
il|lwv ; * » 4 ,vn,i J rtiu tain either G or 7 equivalents, according to whether copper 

m mm mmtmnmwr, (Vul il. p. 0). If there bo a largo proportion of copper, and if the 
mhiwmmmtrnu GUM the form ot the isomorphous mixture (triolinic) will be isomorphous 
will mwfa CttSO«ftHA but if a largo amount of sine (or magnesium, iron, 

iilAtJ. m «M) b6 mmmt tt* form (rhombic or monocline) wiU be nearly the same 



salts— thus, for example, silver chloride, AgCl, is elmmoturiw^l W 
insolubility and capacity of combining with ammonia, and in thin 
cuprous chloride closely resembles it, for it is also insoluble in m%Un 
and combines with ammonia and dissolves in it, <fec. Its l 

also RC1, the same as AgCl, NaCI, KCl, Ac., and silver in many »•**« 
pounds resembles,' and is even isomorphous with, sodium, m that tbi 
again justifies their being brought together. Hilvcr chhrid.*, mspr *y 
chloride, and sodium chloride crystallise in the regular m 
Besides which , the specific heats of copf>or and silver require tjmi thoj 
should have the atomic weights ascribed to them. To the oxi<i«*« t s » 
and Ag 2 0 there are corresponding sulphides Ag a 8 and C*u,H. Tliej 
both -occur in nature in crystals of the rhombic system, and, wfmt h 
most important, copper glance contains an i&omorphotm mix turn «»i 
them both, and retains the form of copper glance with varimui pm 
portions of copper and silver, and thoroforo hm the w» 11^ 

where It = Cu, Ag. 

Notwithstanding the resemblance in the atomic ewnjmritum * f the 
cuprous compounds, CuX, and silver compounds, AgX, with th» «*»m. 
.pounds of the alkali metals KX, NaX, there is a mnmhmMv deg?** 
of difference between these two series of elements. Thin tliffomtrr b 


clearly seen in the fact that the alkali metals belong to thmm 
which combine with extreme facility with oxygon, dm*mjM.* f i 
and form the most alkaline bases; whilst silver and copjrr rtrr 
oxidised with difficulty, form loss energetic oxides, and do n<*t dr !a 
pose water, even at a rather' high temperature, Mniv<»vi«r, th , -y <yjj 
displace hydrogen from very few acids. The differau* U.t* « J t , M 
is also seep in the dissimilarity of thtf propertio# of ui*ny ..f t| fa 
corresponding compounds. Thus ouprous oxide, Ou s O, and ,U Vl , r 
AgjO, are insoluble in water: the cuprous and ailwir rarU.nat.v, 
cUondes, and sulphates are also sparingly soluble j„ WAl „ r Xh< ; 
oades of silver and copper aro also easily reduced to m.-u! V 4 
difference in properties is in intimate relation with that ,h:!V. „ , j„ 
thf density of the metals which exists in this v:m\ TJ„. 
belong to the lightest, and coppor and silver to tin* l»,.»vi«- v j ,V . * 

fore the distance between the molecule# in tin*., n„ uU i 
^lar-ntt is greater for tho former than tho latter (uhl,« »„ i 'LnL, 
XV.). From the point of view of tho periodic law U,k diir,* .. .... 

between copper and silver and such element* of Group V *'*"* 

and rubidium, is dearly seen from the 


of one or other of the salts brought in _alT *. . h f 


« r^»Ui, 


«.:s* 
s 1*4 


stand in the middle of those largo periods (for example, K, <\ Be, Tf, 
V, Cr, Mn, Fe, Co, Ni, Ou, Zn, Ga, Go, As, So, Br) which start with 
the truo metals of the alkalis — that is to say, the analogy and difference 
between potassium and copper arc of thO same nature as that between 
chromium and selenium, or vanadium and arsenic. 

Copper is one of the few metals which have long been known in a 
metallic form. The Greeks and Romans imported copper chiefly from 
the island of Cyprus— whence its Latin name, cuprum. It was known 
to the ancients before iron, and was used, especially when alloyed with 
other metals, for arms and domestic utensils. That copper was known 
to the ancients will be understood from the fact that it occurs, although 
rarely, in a unf its static and is easily extracted from its other natural 
compounds. Among the latter are the oxygen compounds of copper. 
When ignited with charcoal, they easily give up then oxygen to 
ft, and yield metallic copper j hydrogen also easily take® up the 
oxygon from copper oxide when heated. Copper occurs in a native 
fctate* sometimes .in association with other ores, in many parts of the 
Urals and in Sweden, and in considerable masses in America, espe- 
cially in the neighbourhood of the groat American lakes ; and also in 
Chili, Japan, and China. The oxygen compounds of copper are also oi 
somewhat common occurrence In certain localities ; in this respect 
certain deposits of the Urals are especially famous. The geological 
period of the Urals (Permian) is characterised by a considerable dis- 
tribution of copper ores. Copper m met with in the form of cuprmm 
oxuk, or mtbowkk of copper, 0u 9 0, and is then known m red copper 
ore, because it forms reel masses which not unfrequontly are crystallised 
in the 'regular tystem. It is found much moro rarely in the state of 
cupric oxide, OuO, and is then called block etytper ore. The most* 
common of the oxygonisod corn] « muds of copper are the home carUmatc# 
corresponding with the oxides. That those c.omjKmnds are undoubtedly 
of aqueous origin, is apparent, not only from the fact that specimens 
are frequently found of a gradual transition from the metallic, sul- 
phwtttedr and oxidised copper into its various carbonates, but alio from 
the pn»«no§» of water In their composition, and from the laminar, 
roniform structure which many of them present. In this respect mnla- 
chiu I® particularly well known 5 it in uted hs a green paint and alee 
for ornaments, owing to tho diversity of the shades of colour' pro son ted 
by tho different layers of deponitod malachite. Tho composition of 
malachite correspond® with '"the basic cart innate containing one molecule 
ti W^Slfa terbonate to one of hydroxide : CuCK^CuU/V In this 
#r»r tftfe iftjpr frequently occurs in admixture with various aedi- 
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of these compounds. There are many such, localities in the Perm and 
other Governments bounding the Urals. Blue carbonate of copjper t or 
azurite, is also often met with in the same localities ; it contains the 
same ingredients as malachite, but in a different proportion, its com- 
position being CuH 2 0 2 ,20uC0 3 . Both these substances may be ob 
tained artificially by the action of the alkali carbonates on solutions 
of cupric salts at various temperatures. These native carbonates are 
often used for the extraction of copper, all the more as they very 
readily give metallic copper, evolving water and carbonic anhydride 
when ignited, and leaving the easily-reducible cupric oxide. Copper 
is, however, still more often met with in the form of the sulphides. 
The sulphides of copper generally occur in chemical combination 
with the sulphides of iron. 8 These copper-sulphur compounds (copper 
pyrites CuFeS 2 , variegated copper ore Cu 3 FeS 3 , &c.) generally occur in 
veins in a rock gangue. 

The extraction of copper from its oxide ores does not present any 
difficulty, because the copper, when ignited with charcoal and melted, 
is reduced from the impurities which accompany it. This mode of 
smelting copper ores is carried on in cupola- or cylindrical furnaces, 
fluxes forming a slag being added to the mixture of ore and charcoal. 

5 Iron pyrites, FeS 2 , very often contain a small quantity of copper sulphide (see 
Chapter XXII., Note St bis), and on burning the iron pyrites for sulphurous anhydride the 
copper oxide remains in the residue, from which the copper is often extracted with profit* 
For this purpose the whole of the sulphur is not burnt off from the iron pyrites, but a 
portion is left behind in the ore, which is then slowly ignited (roasted) with access of air. 
Cupric sulphate is then formed, and is extracted by water ; or what is better and more 
frequently done, the residue from the roasting of the pyrites is roasted with common 
salt, and the solution of cupric chloride obtained by lixiviating is precipitated with iron. 
A far greater amount of copper is obtained from other sulphuretted ores. Among these 
copper glance , CtUjS, is more rarely met with. It has a metallic lustre, is grey, generally 
crystalline, and is obtained in admixture with organic matter ; so that there is no doubt 
that its origin is due to the reducing action of the latter on solutions of cupric sulphate. 
Variegated copper ore, which crystallises in octahedra, not infrequently forms an 
admixture in copper glance; it has a metallic lustre, and is reddish-brown; it has a 
superficial: play of colours, due to oxidation proceeding on its surface. Its composition is 
CujFeSj. But the most common and widely-distributed copper ore is copper pyrites, 
which crystallises in regular octahedra ; it has a metallic lustre, a sp. gr. of 4 * 0 , and 
yellow colour. Its composition is CuFeSo. It must be remarked that the sulphurous 
ores of copper are oxidised in the presence, of water containing oxygen in solution, 
and form cupric sulphate, blue vitriol, which is easily soluble in water. If this water 
contains calcium carbonate, gypsum and cupric carbonate are formed -by double 
decomposition: CuS0 4 + CaC0 5 = CuC0 5 +CaS0 4 . Hence copper sulphide in the form 
of different ores must be considered as the primary product, and the many other copper 
ores as secondary products, formed by water. This is confirmed by the fact that at the 
present time the water extracted from many copper mines contains cupric sulphate in 
eolntiOn. From this lionid it is easv. to extract etmric oxide bw the action of organic 



The imeltod copper still contains sulphur, iron, and other metallic 
impurities, from which it is freed by fusion in reverberatory fumades, 
with arrows cl! air to the surface of the molten metal, as the iron and 
aulphur are more easily oxidised than the copper. The iron then 
aepamtea aw oxides, which' collect in the slag, 4 

4 Copper am risk IK ifitypn arc mef nat€i the sulphur om are of mere coalmen 
«eurrt uoo, hat Dm «tetetl«m of tho ©upper from* them It touch more difficult, Thu 
problem hers nut only oonsMs la the removal of ifec sulphur, hut also to the mam '®, 1 of 
the hem combined with tho sulphur and ©upper. This irattolnM by a whole muda® of 
epirsthma* after which there still oomelimot remains the extraction of tho ma&lll6 nllwr 
Which generally imcmnpjmtes the copper, aHhongh in but small quantity. These 
jwo«o»«» commence with the ron&tteg— i«r, calcination— of thepre with access ol air, hy 
which means the sulphur is converted Into sulphurous anhydride. It should hero hr 
’remarked that iron sulphide it more easily oxidised than copper imlphlde, and therefor® 
tire greater part of dm iron la tho residue from roasting la no logger 'in the' term of 
sulphide but of oxide of iron. Tho coasted ore hi mixed with charcoal, and silicons flux©% 
and smelted In a otipola furnace. Tho iron than passes into the slug , because its oxide* 
gives m ©aally-fasibl© maw with the silica, whilst tire copper, 1 fa. the tern of sulphide*, 
fuss® and ooUsoto under % slag. The greater .part of tho iron 1# remote ‘from the 
nnm by this smelting, Tho resultant coarm mtfd i® again roasted to order' to 
remove tho greater part of the sulphur from tho copper sulphide*, and to convert th# 
tnotal into oxide, after which the mass Is again smelted, yheso processes are rotated 
several times, according to the richness of tho ore. During that* smaltlng* a portion of 
tho copper in already obtained in a metollie form, hooAuao copjvar sulphide gives 
metallic oopiwr with the oxide (CuR + SGuO • BCu \ BO*,). Wo will not horn describe 
the furnMvs used or the details of this process, but tho above remarks Include tho ex- 
pkntUkm of those chemical processes which are Accomplished in the various tech* 
fecal operations which are made tm of to the process (for details »m works on 
metallurgy). 

Besides the smelting of , copper there also exist methods ter its extraction from 
solutions In Dm wet way, m it in oollod. ftemmtm te generally had to thaw methods for 
poor copper oren, Tim copper is brought into solution, from which it is »parated by 
moans «*f metallic iron or by otlusr method® (by the action 1 of an electric current). The 
sulphite's are roasted in such a manner that tho greater part of the copper is oxidised 
Into cupric mdpluite, whilst at tho same time Die ©omwipoudlng Iron salts are refer as 
possible diM'umpuHHl, This process is based on the fact that the fop|*f ralphldon absorb 
oxygen when they are calcined in tho presence of air, Conning cupric sulphate. The 
roosted ore m treated with water, to which add Is some timet* added, and after lixivia* 
tkft the rcMiltant solution containing copper ta treated dther with metallic Iron or with 
mitt of Hm% which prodpltate* cuprle hydroxide from the solution. Copper <mld© 
ore* poor in motel may he treated with dilute tucidw in order -to ©btsiii tho copper 
«dlt* t» relation, tmm tW tl m aoppor to then pu/Stf precipitated aither by teon or 
m hyiws^te by Ikm* According ^ Bunt and Btmgtet'g method, tho oqppar In Dm ocf 
l« eonrertod by uakfoatton fete the cupric oxide, which fa brought into ootaifop by 
tho Action of a mixture ©t eolutione ferrous sulphate and sodium chloride $ 
tho oxld® eonwte tho ferreuf chloride Into ferric oxide, forming eoppor elferktefi, 
•mllng to Urn equation 8CuO + fttftClf « OwCl a + SCuOl + Fo,O s . Tim cupric clUnrife 
'"hie In water, white! fee cuprous chloride la dissolved In too ©dutton id sodium 
uad tiwmforo all Urn oopjier passes Into solution, from which it is precipitated 

A *ilurgistegfve tho f^Jowfegteet method lot limiting th# 

" v c;? ) ospccWly in uulphureuioreai (l) Th© CutS I® 

In a cakincri (I) tkt CfeO ts oxtraotod by the 


Copper Is characterised by its *red colour, which distinguishes it 
•from all other metals. Pure copper is soft, arid may be beaten out by 
a hammer at the ordinary temperature, and when hot may bo rolled 
into very thin shouts* JSxtremoly thin leaves of copper transmit a 
green light. The tenacity of copper is also epn&idorablo, and next’ to 
iron it is one of the most durable metals in this respect, Copper wire 
of 1 sq« millimetre in sec tion only breaks under a weight of 4h kilograms. 
The specific gravity of copper is 8*8, unless it contains cavities duo to the 
fact that molten copper absorbs oxygen from the air, which is disen- 
gaged on oooliugj.and therefore gives a porous mass whose density is 
much loss* Boiled copper, and also that which m deposited by the electric 
current, has a comparatively high density* Copper melts at a bright 
red heat, about 1050°, although below the temperature at which many 
kinds of cast iron melt. At a high temperature it is converted into 
vapour, which communicates a green colour to the flame. Both native 
copper and that cooled from a molten state crystallise in regular 
octahodra. Copper is not oxidised in dry air at the ordinary tempera- 
ture, but when calcined it becomes coated with a layer of oxide, and it 
does not burn oven at the highest temperature. Copper, whan calcined 
in air, forms either the red cuprous oxide or the black cupric oxide, 


while tho Ag, Au and oxides of iron remain behind in to residue (from which the noble 
motak may bo oxtruetel) ; (6) a portion of tho cupper in solution it converted into CuClj 
(an^CuBOd precipitated) hy means of tho CfvCl tf obtained in tho fifth process; (4) tho 
mixture of solutions of Cn80 4 and OuOl s is converted into to insoluble CnCl (salt of tho 
suboxide) hy tho action of tho BO* obtained by minting the ore (in tho first oporatkm), 
sulphuric acid in them formed in the solution, according to the equation : CuHO^+CuC^ 
f + SOt+allgO w> aU a S0 4 4*ft0uCl ; ($) to precipitated CuCl it treated with lime and 
water, and gives OuCl 9 la solution and CuO la tho residue ; and lastly (6) tho Cu»0 Is 
reduced to metallic Cu by osxbon in a furnace. Aeocad}ng to Ofbofa’f method te@ Impure 
copper regultts obtained hy roasting and smelting tho or^ Is broken up and 
xepoutedly in molten load, which extractu tho Ag and Au occurring In tho rcgulua, Tbm 
regulus is thou boated In a reverberatory furaheo to run 00 tho load, mad to then smelted 
lor Cu. 

Tho copper brought into the market often contains sruoU quantities of various import* 
ties, Among these there are generally present iron, lead, silvdr, arsenic, and sometimes 
©nail quantities of oxides of copper. Ao copper, when mixed with K i small amount of 
foreign imbalances, lores lt» tenacity to a certain degree, tho manufacture of very thin 
sheet copper requires tho use of Chill copper, which is distingnishod for Its great softness, 
mad therefore when it is desired to have pure copper, it is bait to take thin shoot copper, 
like that which is used in the manufacture of cartridges. But tee purest copper is electro* 
•lytic oop$ar-~4h&t 1% test which is deposited from a solution by the motion of mn 
electric current, 

If the copper contains silver, m U often to eww, it Is used in gold reflheites tor to 
precipitation of allrerfrom fit solutions in oulphum acid. Iron and sim reduce copper 
salts, but copper redoto mercury and silver naltn. ‘ Thu preeixdteto contains not only tho 
silver which was previously in solution, but also oil teat which wa§ in thd copper,. Tho 
silver solutions in sulphuric acid are obtained into ccpamtlcnof silver from gold by 

timer ♦.Vialt* ullmra with *mhihwrt/i which Ofdv disoolvfifi the silver. 



according to the temperature and quantity of air supplied* In an 
at the ordinary temperature, copper — as everyone knows — becomes 
coated with a brown layer of oxides or a green coating of basic salts, 
•due to the action of the damp air containing carbonic acid* If this 
action continue for a prolonged time, the copper is covered with a thick 
Coating of basic carbonate, or the so-called verdigris (the mrugo nobilis 
of ancient statues). This is due to the fact that copper, although 
scarcely capable of oxidising by itself , 5 in the presence of water and 
acids — even very feeble acids, like carbonic acid — absorbs occygenfrom 
the air and forms salts , which is a very characteristic property of it (and 
of lead ). 6 Copper does not decompose toater y md therefore does not disea- 

5 Schtitzenberger showed that when the basic carbonate of copper is decomposed by 
ant electric current it gives, besides the ordinary copper, an. allotropic form -which grows, 
on the negative platinum electrode, if its surface be smaller than that of the positive 
copper electrode, in the form of brittle crystalline growths of sp. gr. 8*1. It differs from 
ordinary copper by giving not nitric oxide but nitrous oxide when treated with nitrio 
acid, and in being very easily oxidised in air, and coated with red shades of colour. It 
is possible that this is copper hydride, or eopper which has occluded hydrogen. Spring 
(1892) observed that copper reduced from the oxide by hydrogen at the lowest possible 
temperature was pulverulent, while that reduced from CuCl a at a somewhat high tem- 
perature appeared in bright crystals. The same difference occurs with many other 
metals, and is probably partly due to the volatility of the metallic chlorides. 

6 This is taken advantage of in practice ; for instance, by pouring dilute acids ovei 
copper turnings on revolting tables in the preparation of copper salts, such as verdigris, 
car the basic acetate 2 C 4 HsCii 04 ,CuH 3 0 2 , 5 H 2 0 , which is so much used as an oil paint (i.e. 
with boiled oil). The capacity of copper for absorbing oxygen in the presence of acids 
is so great that it is possible by this means (by taking, for example, t hin copper shavings 
moistened with sulphuric acid) to take up all the oxygen from a given volume of air, and 
this is even employed for the analysis of air. 

The combination of copper with oxygen is not only aided by acids but also by alkalis, 
although cupric oxide does not appear to have an acid character. Alkabs do riot act on 
copper except in the presence of air, when they produce cupric oxide, which does not 
appear to combine with such alkalis as caustic potash or soda. But the action of ■ 
ammonia is particularly distinct (Chapter V., Note 2 ). In the action of a solution of 
a mm onia not only is oxygen absorbed by the copper, but it also acts on the ammonia, 
and a definite quantity of ammonia is always acted on simultaneously with* the passage 
of the copper into solution. The ammonia is then converted into nitrous acid, 'according 
to the reaction : NHj + Q 3 = NHOg 4- H^O, and the nitrous acid thus formed passes into the 
state of amm onium nitrite, NH 4 NO 2 . In this manner three equivalents of oxygen are 
expended on the oxidation of the ammonia, and six equivalents of oxygen pass over to 
the copper, forming six atoms of cupric oxide. The latter does not remain rib. the state 
of oxide, but combines with the ammonia. 

A strong solution of common salt does not act on copper, -but a dilute solution of the 
salt corrodes copper, converting it into oxychl oride— that is, in the presence of air. 
This action of salt water is evident in those cases where the bottoms of ships are coated 
Veet copper. Prom what has been said above it will be evident that copper vessels 
1 k© employed in the preparation of food, because this contains salts and acids 
usance of air, and give copper salts, which are poisonous, 

' in unturned copper vessels may be poisonous. Hence 
ns purpose— that is, copper vessels coated with a thin 
ine solutions do not sot. 


gage hydrogen from it either at the ordinary or at high temperatures. 
Nor does copper liberate hydrogen from the oxygen acids , these acton 
it in two ways : they either give up a portion of their oxygen, form- 
ing lower grades of oxidation, or else only react in the presence of 
air. Thus, when nitric acid acts on copper it evolves nitric oxide, the 
copper being oxidised at the expense of the nitric acid. In the same 
way copper converts sulphuric acid into the lower grade of oxidation * 
into sulphurous anhydride, 8< ) a . In them) cases the copper in oxidised 
to cop|>or oxide, which combines with the excess of acid taken, and 
therefore forma a cupric salt, CuX*. Dilute nitric acid does not net 
on copper at the ordinary temperature, but when heated It reacts 
with great ease ; dilute sulphuric acid does not act on copper except 
in presence of air. 

Both the oxides of copper, Ou^O and OuO, are tmncttxi on by 
air, and, as already mentioned, they both occur in nature. c t,h How- 
ever, in the majority of cases copper is obtained in the form of 
fcupric oxide and its salts - and the copjvor comp ninths uk#h! iudua- 
trially generally belong to this ty|X). This is duo to the fact that tho 
cuprous compound $ absorb oxygen from tho air mid paw into cupric 
compounds. The cupric compounds may servo as tho source for the 
preparation of cuprous oxide, Ixjcause many reducing agents aro 
capable of deoxidising tho oxido into tlio sulioxidu. Organic sub- 
stances arc most generally employed for this purjx>se, and esjwcially 
saccharine substances, which are able, in tho presence of alkalis, to 
undergo oxidation at tho expense of tho oxygen of the cupric oxide* 
and to give acids which combine with tho alkali : 2CuO — O « Cu s O, 
Jn this case tho deoxidation of the copper may be carried further and 
metallic copper obtained, if only the reaction bo aided by heat. Thu% 
for example, a fine powder of metallic copper may be obtained by heat- 
ing an ammoniacal solution of cupric oxide with caustic potash 
and grape sugar. But if the reducing action of the saccharine 
substance proceed in the presence of a sufficient quantity of alkali in 

*' < 'tipper, ImuiuKm this euproun oxide, (’»•/), and cupric oxide, Oi<>, give* two k tin an 

higher fnrnui of oxidation, but they lmvo scarcely been Investigated, and even their 
composition in not well known. Copper dioxide (Cu<) vt or CuUj,It*t \ jH^hni^iC’uOU-U^) 
in obtained by tho action of hydrogen jMiroxido on cupric hydroxide, when tho greua 
colour of tho latter i® changed to yellow. It is very unstable, and m deco inpoaud oven 
by boiling water, with the evolution of oxygon, whiict the action of adds giro® cupiio 
salts, oxygon being also disengaged. A still higher mppmr pmwida m formed by h«aimg 
a mixture of caustlo potash, nitre, and metallic copper te a red hmi, and by dissolving 
cupric hydroxide in solution® of the hypochlorites of tho alkali metal®, A slight boating 
of tho soluble Halt formed i® enough for it to be decomposed into oxygon and oop|a:r 
dioxide, which is precipitated. Judging from Frdmy’s researches, tho oomjK»itiou of tho 
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solution, and ofi not too high a temperature, cuprous oxide is ob- 
tained. To see this reaction clearly, it is not sufficient to take any 
cupric salt, because the alkali necessary for the reaction might pre- 
cipitate cupric oxide — it is necessary to add previously some substance 
which will prevent this precipitation. Among such substances, 
tartaric acid, C 4 H G Q 6 , is one of the best. In the. presence of a suffi- 
cient quantity of tartaric acid, any Amount of alkali may be added to a 
solution of cupric salt without producing a precipitate, because a soluble 
double salt of cupric oxide and alkali is then formed. If glucose (for 
instance, honey or molasses) bo added to such an alkaline tartaric 
solution, and the temperature bo slightly raised, it' first gives a yellow 
precipitate (this is cuprous hydroxide, CuIIO), and then, on boiling, 
a red precipitate of (anhydrous) cuprous oxido. If such a mixture 
be loft for a long time &,t the ordinary temperature, it deposits well- 
formed crystals of anhydrous cuprous oxide belonging to the regular 
system . 7 

7 Colourless solutions of cuprous salts may also bo obtained by the action of sul- 
phurous or phosphorous acid and similar lower grades of oxidation on the blue solutions of 
the cupric salts. This is very clearly and easily effected by inojuui of sodium thio- 
sulphate, NoaSjjOs, which is oxidised in the process. Cuprous oxido can not only bey 
obtained by tho deoxidation of cupric oxido, but also directly from metallic copper itself, 
because the latter, in oxidising at a red heat in air, first gives cuprous oxide. It is pre- 
pared in this maimer on a large scale by heating sheet oopper rolled into spirals in 
reverberatory furnaces. Care must be taken that tile 'air is not in great excess, and that 
■the coating of red cuprous oxide formed does not begin to pass into the black cupric oxido. 
If the oxidised spiral sheet is then unbent, the brittle cuprous oxido falls away from 
the soft metal. The snboxid© obtained in this manner fuses with ease. It is necessary 
to prevent tho access of air during thq fusion, and if the mass contains cupric oxido it 
must bo mixed with charcoal, which reduces the latter. Cuprous chloride, CuCl, corre- 
sponding- with cuprous oxide (as sodium chloride corresponds with sodium oxide), whoa 
calcined with sodium carbonato, gives sodium chloride and cuprous oxide, carbonic 
anhydride being evolved, because it does not combine with tho cuprous oxide under these 
conditions. Tho reaction cun bo expressed by tho following equation : liCuCl i* Na. 4 00$ 
w Cu 3 0:+ &NaCl + CO$. The cupric oxido itself, when calcined with finely. divided copper 
this copper powder may,bo obtained by many methods— for instance, by immersing id no 
in a solution of a copper salt, or by igniting cupric oxide in hydrogen), give# tho fusible 
enpfoua oxide: Cu+Cu0®C%0, Both tho native and artificial cuprous oxido ha viva 
sp. gr* of 6*0. It is insoluble in water,' and is not acted on by (dry) air. Whom boated 
with acids the snboxid© forms a solution of a cupric salt and metallic copper— for example, 
C%0 + H« 4 80 4 «» On 4 * 0uS0 4 4* IhjO. However, strong hydrochloric acid does not separate 
metallic oopper on dissolving cuprous oxido, which is due to the fact that tho cuprous 
chloride formed is soluble in strong -hydrochloric acid. Cuprous oxide also dissolve;) in 
a solution of ammonia, and In the absence of air gives a colourleea solution, which turn® 
blue in tho air,, absorbing oxygen, owing to the conversion of the cuprous oxide into 
cupric oxide. Tho blue, solution thus formed may be again reconverted into a colourless 
cuprous solution by immersing a copper strip in it, because the metallic copper the® 
dwaddises tho cupric, oxido in tho solution into cuprous oxide. ■ Cuprous oxide is charno* 
terisodby the fact that it gives rod glasses when fused with glass or with salts forming 
vitreous alloys. Glaus tinted with cuprous oxide is used for ornaments. Tho access of 
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Cupric chloride, CuCl 2 , when ignited, gives cuprow. chloride, CuCI 
— t.c. the salt corresponding with suboxide of copper-— and therefore 
cuprous chloride is always formed when copper enters into reaction 
with chlorine at a high temperature. Thus, for example, when copper 
is calcined with mercuric chloride, it forms cuprous chloride and vapours 
of mercury. The same substance is obtained on heating metallic 
Copper in hydrochloric acid, hydrogen being disengaged ; but this reac- 
tion only proceeds with finely-divided copper, as hydrochloric acid acta 
very feebly on compact masses of copper, and, in the presence of air, 
gives cupric chloride. The green solution of cupric chloride is decolo- 
rised by metallic copper, cuprous chloride being formed ; but this 
reaction is only accomplished with ease when the solution is very con- 
centrated and in the presence of an excess of hydrochloric acid to 
dissolve the cuprous chloride. Tho‘ addition of water to the solu- 
tion precipitates the cuprous chloride, because it is lees soluble in 
dilute than in strong hydrochloric acid. Many reducing agents which 
are able to take up half the oxygen from cupric oxide are able, in the 
presence of hydrochloric acid, to form cuprous chloride. Stannous 
salts, sulphurous anhydride, alkali sulphites, phosphorous and hypo- 
phosphorous acids, and many similar reducing agents, act in this 
manner. The usual method of preparing cuprous chloride consists in 
passing sulphurous anhydride into a very fitrong solution of cupric 
chloride : SCuCl., + SO, + 211,0 = 2CuCl + 21101 + 11*80*. Cuprous 
chloride forms colourless cubic crystals which are insoluble, in water. 
It is easily fusible, and oven volatile. TJndcr the action of oxidising 
agents, it passes into the cupric salt, and it absorbs oxygen from moist 
air, forming cupric oxychloride, Gu 3 CL/>. Jlqmom ammonia easily 
dissolve#, cuprous chloride as well as cuprous oxide $ the solution also 
turns blue oft exposure to the air. Thus an attuuoniaoal solution of 
cuprous chloride serves as an excellent absorbent for oxygen ; but this 
solution absorbs not only oxygen, but also certain other gases— -for 
example, carbonic oxiclc and acetylene. 8 

to the formation of cupric oxide, which colours gloss blue. Thin may ovep bo taken, 
advantage of in tenting for copier under the Mow-pipo by heating the oopixjr compound 
with borax in the flame of a blow-pipe ; a ml glass is obtained in the reducing flame, 
and ft blue glass in the oxidising flame, owing to tlm conversion of the cuprous mtoouprio 
oxide. 

hWd (1882), by passing sulphurous anhydride into a solution of cuprie acetate, 4>b* 
tslnsd a white precipitate of cuprous sulphite, 0u 2 B0^,H 2 0, whilst he obtained the soma 
salt, of a red colour, from the double salt of sodium and copper ; but there not any 
convincing proofs of isomerism in this ease, 

8 The solubility of cuprous chloride in ammonia is due to the formation of compounds 
between the ammonia and the chloride. In a warm solution the compound Niig^CuCb 
is formed, and at the ordinary* temperature CuCI, Nik. Tins salt in soluble in hydro* 


When copper is oxidised with a considerable quantity of oxygen at 
a high temperature, or at the ordinary temperature in the presence of 
acids, and also when it decomposes- acids, converting them into lower 
grades of oxidation (for example, when submitted to the action of 
nitric and sulphuric acids), it forms cupric oxide , CuO, or, in tho 
presence of acids, cupric salts. Copper rust, or that black mass which 
forms on the surface of copper when it is calcined, consists of cupric 
oxide. The coating of the oxidised copper is very easily separated 
from tho metallic copper, because it is brittle and very easily peels off, 
when it is struck or immersed in water. Many copper salts (for 

nium chloride. By the dctioh of a certain excess of ammonia on a hydrochloric acid 
solution of cuprous chloride, very well formed crystals, having tho composition 
CuCl,NHg,H a O, are obtained. Cuprous chloride is not only soluble in ammonia and 
hydrocMorio acid, but it also dissolves in solutions of certain other salts — for example, 
•in sodium chloride, potassium chloride, sodium thiosulphate, and certain others. AH 
the solutions of cuprous chloride aot in many cases as very powerful deoxidising 
substances; for example, it fs easy, by means of these solutions, to precipitate 
gold from its solutions in a metallic form, according to the equation AuGl 3 +8CuCl 
wAu + 8CuCl s . 

Among the other compounds corresponding with cuprous oxide, cuprous iodide , Cul, t 
is worthy of remark. It is a colourless substance which is insoluble in water and 
sparingly soluble in ammonia (like silver iodide), but capable of absorbing it, and in this 
respect it resembles cuprous chloride. It is remarkable from the fact that it is exceed- 
ingly easily formed from the corresponding euprie compound Cul a . A solution of cupric 
iodide easily decomposes into iodine and cuprous iodide, even at the ordinary tempera- 
ture, whilst cupric chloride only suffers a similar change on ignition. If a solution of a' 
cupric salt be mixed with a solution of potassium iodide the euprio iodide formed imme- 
diately decomposes into free iodine and cuprous iodide, which separate# out a# a precipi- 
tate. In this case the cupric salt acts in an oxidising manner, like, for example, nitrous 
acid, oxone, and other substances which liberate iodine from iodides, but with this differ- 
ence, that- it only liberates half, whilst they set froo tho whole of the iodine from potas- 
sium iodide : 2KI + CuCl* ”» SKCl + Gut + 1. 

It must also bo remarked that cuprous oxide, when treated With hydrofluoric acid, 
gives an insoluble cuprous fluoride, GuF. Cuprous cyanide is also insoluble in water, 
and is obtained by the addition of hydrocyanic acid to a solution of cupric chloride 
saturated with sulphurous anhydride. This cuprous cyanide, like silver cyanide, gives 
a double soluble salt with potassium cyanide. The double cyanide of copper and 
potassium is tolerably stable in the air, and enters into double decomposition# with 
various other salt#, like those double cyanides of iron with which we are already 
acquainted. 

Oojpper hydride GuH, also belongs to the number of the cuprous compounds. It 
was obtained by WiirU by mixing a hot (70°) solution of cupric sulphate with a solution 
of hypophotpborou# add, H 3 PO a . The addition of the reducing hypophosphoroui acid 
must bo stopped when a brown precipitate makes ito appearance, and when gas begin# 
to bo evolved. The brown precipitate is the hydrated cuprous hydride. When gently 
heated it disengages hydrogen ; it gives cuprous oxide when exposed to tho air, 1mm# 
in a stream of chlorine, and liberates hydrogen with hydrochloric acid: CuH + HCl 
wCuGl + Ha. Zinc, silver, mercury, load, and many other heavy metals do not form 
such a oompound with hydrogen, neither under these circumstance# nor under tho action 
of hydrogen at tho moment of the decomposition of salt# by a galvanic current. The 
greatest resembanoo is seen between cuprous hydride and the hydrogen compound# of 
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In.stan.ee, th« nitrite and carbonate) leave oxide <5£ copper B ' m in the 
form of friable black powder, after being ignited. If the ignition be 
earned further, '0%0 may be formed from tho Cu<5. 8 Ui Anhydrous 
cupric oxide is very easily dissolved in acids, forming cupric salts, CuX a . 
They are analogous to tho salts MgX 2 , ZnX 9 , NtX 2 , PeX 2) in many 
respects. On adding potassium or ammonium hydroxide to a solution 
of a cuprio salt, it forms a gelatinous blue precipitate of the hydrated 
Oxide of 'copper, CuTI 2 0 2 , insolubloin water. Tho resultant precipitate 
is redmotved by an excess of ammonia , and gives a very beautiful 
fizixTe blue solution, of so intense a colour that the presence of small 
traces, of cuprio salts may bo discovered by this means. 9 An ©xcess of 

8 bu The oxide ol copper obtained by igniting tho nitrate m frequently Mod for, 
organic analyses. It is hygroscopic and retains nitrogen (1*6 0 . 0 . per gram) when the 
titrate is heated in vacuo (Richards and’ Rogers, 1890); 

0 trl Oxide ojt copper is also capable of dissociating when heated, Debray and 
Joannifl showed that it thon, d-hiongagos oxygen, whoso maximum tension in constant 
for a given temperature, providing that fusion <To<i» not take place (tho CuO then 
dissolves in tho molten Cu*/>); that this lose of oxygen is followed by tho formation of 
euboxi.de, and that on cooling, tho oxygen in again absorbed, forming Cut). 

0 Cupric oxide and many of its salts aro able to give definite, although unstable, 
compounds mth ammonia. This faculty already shown itself in tho fact that cuprio 
oxide, as well os the salts of copper, dissolves in aqueous ammonia, and also in the fact 
that salts of copper absorb ammonia gas. Xf ammonia bo added to a solution of any 
cuprio salt, it first forms a precipitate of cupric hydroxide, which then dissolves in an 
excess of ammonia. Tho solution thus formed, when evaporated or on tho addition of 
alcohol, frequently deposits crystals of salts containing both the elements of tho suit of 
'copper taken and of ammonia. Several such compounds arc generally formed. Thus 
cuprio chloride, CuCl 2 , according to Dchorain, forma four compounds with ammonia— 
homely, with ono, two, four, and six molecules of ammonia. Thus, for example, 
'if ammohia gas bo paused into a boiling saturated solution of cuprio chloride, on 
Cooling, small obtahedxal crystals of a blue colour separate out, containing 
CuClaj^NHs^XjO. At 1B0° this substance loses half 1 the ammonia and all tlx© water 
contained in it, leaving the compound CuC 1 2 ,NH 5 . Nitrate of copper forme jtho com* 
pound CuCNOaJ^/iNHa, This compound remains unchanged oa evaporation. Dry 
cuprio sulphate absorbs ammonia gas, ami gives a compound containing five molecules of 
ammonia to one of sulphate (Vol, I., p. 297, and Chapter XXXI., Note 89). If this com- 
pound is dissolved in aquCods ammonia, on cvajHjration it deposits a crystalline substance 
containing CuS0 4 ,4NH 5 ,H a 0. ,At this substance loses the molecule of water and 
one-fourth of its ammonia. On ignition all those compounds part with tho remaining 
ammonia m tho form of an ammoniacal salt, so that the residue consists of cupric oxide. 
Both tho hydrated and anhydrous cupric oxide are soluble in aqueous ammonia. 

Tho solution obtained by the action of aqueous ammonia and air on copper turnings 
(Net® 0) is remarkable for its faculty of dissolving ccllulm<\ which is insoluble in water, 
dilute acids, and alkalis. Taper soaked in such a solution acquires tho property of not 
rotting, of being difficultly combustible, and , waterproof, &c. It has therefor® been 
applied, especially in England, to many practical pursues— for example, to the con- 
struction of temporary buildings, for covering roofs, &c. The composition of tike 
substance held in solution is Cu(HO) 2 ,4NH 3 . 

If dry ammonia gas be passed over cuprio oxide heated to 200°, a portion of the oxide 
of copper remains Unaltered, whilst the other portion gives copper nitride, tho oxygon of 
tho copper oxide combining with tho hydrogen and forming water. Tho oxide of cupper 
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potassium or sodium hydroxide docs not dissolve cupric hydroxide* 
A hot solution gives a black precipitate of the anhydrous oxide 
instead of the blue precipitate, and the precipitate of the hydroxide 
of copper becomes granular, and turns black when the solution 
is heated. This is duo to the fact that the blue hydroxide is 
exceedingly unstable, and when slightly heated it loses the elements 
of water and gives the black anhydrous cupric oxide : CuIL 4 0 9 
« CuO + H a O. 

Cupric oxide fuses at a strqng heat, and on cooling forms a heavy 
crystalline mass, which is black, opaijuo, and somewhat tenacious. It 
is a feebly energetic base, so that not only do the oxides of the metals 
of the alkalis and alkaline earths displace it from its compounds, but 
even such oxides os those of lead and silver precipitate it from solutions, 
which is partially duo to these oxides beingsohiblc, although but slightly 
so, in water. However, cupric oxide, and especially the hydroxide, 
easily combines with even the least energetic muds, and does not give 
any compounds with bases ; but, on the other hand, it easily forms 
bam ndu^ hh and in this roajnjct outstrips magnesium and recalls the 

aqinteu® ammonia. Copier nitride in very stable, and in* 4 able; it has the composi- 
tion CujN (i.e. the copper in monatomic here an in CttyO), and Id tut amorphous? green 
powder, which it decomposed when strongly ignited, and give?? euprouu chloride mid 
ammonium chloride when treated with hydrochloric acid, bike the other nitre lea, copper* 
nitride, Ou^N, ha® scarcely been Investigated. Granger (lHtitS), by heating copper in the 
vapour of phosphorus, obtained hexagonal prisms of’Cu&P, which punned into .Cu^P 
(previously obtained by Abel) when heated in nitrogen. Amenta in rmrnly ahunrlmd by 
copper, and iti presence (l\ko I*), 'even in email quantities, haw a grout intlmlneo upon 
the properties of copper— dor Instance, pure copper wire 1 «q„ mm. in auction breaks 
under a load of 86 kilos, while, the preoerco of G‘2U p.e. of orsenlo raises the brooking 
load to 42 kilo®. 

Ai a comparatively feeble banc, oxide of copper easily forme both baste and 
double salt®, At an instonco we? may mention dm double nails compound of the 
dichloride 0uCl tt) 2H 4 O and potassium chloride, The, double Halt 
crystallise® from solutions in blue platen, but when hotted alone or with tiulmtancoa 
taking up water easily given brown need lei? €uKC% and at the same time KC1, and thl®. 
motion It reversible at 02 ' tut MeyerhefTer (1888) showed (t.c. almvo GST the simpler 
double salt i® formed and below the more complex unit). With an exam* of the 
copper salt, EQ give® another double writ, Cu*KCb,4H a O, thu.tr&nsitioxt temperature of 
whtah lg W*. The instances of equilibria which are encountered In iuoh complex 
relations {m Chapter XldA, Note 25, ,a®trakhunite # and Chapter XXII,, Note 28) are 
embraced by the late of phams given by 0ibb» (Transactions of' the Connecticut 
Academy of Seienew, 1876-1878, in d. Willard 0ibk»* memoir 4 On the equilibrium of 
boterogcncouB substances:’ and in" a clearer and morn aooAfwribta form In II. W. 
Bftkhuii Itoosebooxn’s papers, Bee, trav. cbim., Voh VI., and in W. MoyethntWe memoir 
IM& Phmqnregd und ihro dnw&ndungm , 1828, to which fw«re#» we refer those desiring 
fuller information respecting this law), Oibbs calls * bodw$ * subitwimii (simple or com* 
potend) capable of forming homogeneous complexes (for Inetenee, solutions or Inter- 
^combinations) of a varied composition ; apAoec— a mechanically separable portion of such 
1 bodtafl or of their homogeneous complexes (for instance, a vapour, liquid or precipitated 
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oxides of lead or mercury. Henco the hydroxide of copper dissolves 
solutions of Boutral cupric salts. The cupric salts are generally blu< 
green, because cuprio hydroxide itself is coloured. But some of ' 
salts in the anhydrous state are colourless . 10 

characterised by a constant pressure at a constant tomperaturo oven under a chang 
the amount* of one of tho component parts (for instance, of a salt in a saturated soluti 
wbilo an imperfect equilibrium is such a one for which such a change corresponds v 
a oh an go of pressure (for instance, an unaaturatod solution), Tho law of phases com' 
in tho fact that : n bodies only give a perfect equilibrium when n + 1 phases part iciq 
in that cquilibriuth — for oxamplo, in tho equilibrium of a salt in it* saturated solui 
in waiter there aro two bodies (tho salt and water) and three phases, namely, the i 
solution, and vapour,* which can be mechanically separated from each other* and to i 
equilibrium there corresponds a definite tension. At tho some tfrn% w bodies n 
occur in n + % phases, but only at one definite temperature and one pressure ; a eha: 
of one of those may bring about another state (perfect or not — equilibrium stable 
unstable). Thu* water when liquid at tho ordinary temperature offers two pho 
(liquid and vapour) and is in perfect equilibrium (as also is ice below 0°), but water, ; 
and vapour (three phases and oidy one body) can only be in equilibrium at 0°, and at 
ordinary pressure ; with a change of t there will remain either only ice and vapour 
only liquid water and vapour ; whilst with a rise of pressure not only will the vap 
pass into the liquid (there again only remain two phases) but also the temperature 
the formation of ieo will fall (by about 7° per 1000 atmospheres). Tho same lawn 
phases are applicable to tho consideration of the formation of simple or double, ns 
from saturated Solutions and to a number of other purely chemical relations. Tim®, 
•example, in the above-mentioned instance, when the bodies are KC1, CuCl^ and H 
perfect equilibrium (which hero has reference to tho solubility) consisting of four phai 
corresponds to tho following seven oases, considering only the phases (above 
A«CuCl 1> aKCl,2n a 0}B » CuCljKCl ; C « CuC 1 # ,3H 9 0,KC1, solution and vapoi 
(1) A + B + solution -f vapour ; (*d) A + C + solution + vapour; (8) A + KC1 + solut; 

+ vapour ; (4) A + B + C + vapour (it follows that B i* KC1 + solution gives A); 
A *i- C + KOI + vapour ; (0) B -h C + solution + vapour ; and (7) B + KC1 + solution 4* vapo 
Tims above 02° A gives B + KC1. The law of phases by bringing complex instances 
chemical reaction under simple physical schemes, facilitates their study in detail « 
gives tho means’ of seeking the simplest chemical relations dealing with solution®, d 
eociation, double decompositions and similar case®, and therefore deserves considerate 
but a detailed exposition of this subject must be looked for in works on physh 
chemistry. 

19 Tho normal cupric nitrate, CuN^O d ,8H a O, Is obtained a® a deliquescent salt of a bl 
colour (soluble in water and in alcohol) by dissolving copper or cuprio oxide in nitric &c; 
It is so easily decomposed by tho action of heat that it is impossible to drive off the wat 
of crystallisation from it before it begins to decompose. During the ignition of Urn norm 
salt tho cupric oxide formed enters into combination with tho remaining undocompoa 
normal salt, and gives a basic salt, CuNgO^CuHaCV The name basic salt is obtain 
if a certain quantity of allcali or cuprio hydroxide or carbonate he added to -the solute 
of tho normal salt, which is ovop decomposed when boiled with metallic copper, and ton 
the basic salt a® a green powder, which easily decomposes under tho action of heat m 
loaves a residue of cuprio oxide. Tim basic salt, having the composition CuNfO^OuB^ 
is nearly insoluble in water. 

The normal carbonate of copper, CuC0 5 , occurs in nature, although ostremdy rare] 
If solution® of cuprio salts be mixed with solutions of alkali carbonates, then, as in tl 
case of magnesium, carbonic anhydride is evolved arid basic salts arc formed, which voi 
in composition according to the tompbrature and conditions of the reaction. By mixir 
cold solutions, a voluminous blue precipitate is formed, containing an equivalent pr 
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' The commonest normal salt is blue vitriol — the normal cupric 
sulphate. It generally contains five molecules of water of crystallisa- 
tion, CuS0 4 ,5H 2 0. It forms the product of the action of strong sul- 
phuric acid on copper, sulphurous anhydride being evolved. The same 
salt is obtained in practice by carefully roasting sulphuretted ores of 
copper, and also by the action of water holding oxygen in solution on 
them : CuS-f 0 4 == CuS0 4 . This salt forms a by-product, obtained in 
gold refineries, when the silver is precipitated from the sulphuric acid 
solution by means of copper. It is also obtained by pouring dilute 
sulphuric acid over sheet copper in the presence of air, or by heating 
cupric oxide or carbonate in sulphuric acid. The crystals of this salt 
belong to the triclinic system, have a specific gravity of 2*19, are of a 
beautiful blue colour, and give a solution of the same colour. 100 
parts of water at 0° dissolve 15, at 25° 23, and at 100° about 45 parts 
of cupric sulphate, CuS0 4 . 10 bia At 100° this salt loses a portion of its 

is the same as malachite, sp. gr. 8‘5) : 2CnS0 4 4 2Na 2 C0* + H 2 0— CuCO s ,CuH 2 Oa 
+ 2N%S0 4 + C0 2 . If the resultant blue precipitate be heated in the liquid, it loBes water 
and is transformed into a granular green mass of the composition Cu 2 C 0 . 4 — into a 
compound of the normal salt with anhydrous cupric oxide. This salt of the oxide corre- 
sponds with oiihocarbonic acid, C(0H) 4 ==CH 4 0 4 , where 4H is replaced by &Cu. On 
further boiling this salt loses a portion of the carbonic acid, forming black cupric oxide, 
so unstable is the compound of copper with carbonic anhydride. Another basic salt which 
occurs in nature, 2 CuC 0 5 ,€uH 2 02 , is known as azurite, or blue carbonate of copper ; it 
also loses carbonic acid when boiled with water. On mixing a solution of cupric sulphate 
with sodium sesquicarbonate no precipitate is at first obtained, but after boiling a pre- 
cipitate is formed having the composition of malachite. Debray obtained artificial 
azurite by heating cupric nitrate with chalk, 

w bis Although sulphate of copper usually crystallises with 6H 2 0, that is, differently 
to the sulphates of Mg, Fe, and Mn, it is nevertheless perfectly isomorphouB with them, 
as is seen not only in the fact that it gives isomorphous mixtures with them, containing 
a similar amount of water of crystallisation, but also in the ease with which it forms, 
like all bases analogous to MgO, double salts, R-^ufSOJ^OHaO, where R=?K., Rb, Cs, 
of the monoclinic system. 

Salts of this kind, like CuCl 2 ,2KCl,2H 2 0,PtK 2 Cy 4 , &e., present a composition 
CuX* if the representation of double salts given in Chapter XXIII., Note 11, be 
admitted, because they, like Cu{HO.) 2 , contain Cu(X 2 K) 2 , where X 2 =S0 4 , i.e. the 
residue of sulphuric acid, which combines with H a , and is therefore able to replace 
the H 3 by Xa or O. A detailed study of the crystalline forms of these salts, made by 
Tutton (1898) (see Chapter XIH., Note 1), showed : (1) that 22 investigated salts of the 
composition RgMtSO^jSHgO, where R=K, Rb, Cs, and M=Mg, Zn, Cd, Mn, Fe, Co, Ni, 
Cu, present a complete crystallographic resemblance ; (2) that in all respects the Rb 
salts present a transition between the K and Cs salts; (8) that the Cs salts form 
crystals most easily, -and the K salts the most difficultly, and that for the K salts of Cd 
and Mn it was even impossible to obtain well-formed crystals ; (4) that notwithstanding 
the closeness of their angles, the general appearance (habit) of the potassium compound 
differs very clearly from the Cs salts, while the Rb salts present a distinct transition in 
tins respect ; (5) that die angle of the inclination of one of the axes to the plane of the two 
^tker axesshowed that in the K salts (angle from 75° to 75° 880 the inclination is least, 
m the Gs salts (from 72° 52' to 78° 800 greatest, and in the Rb salts (from 78° 57' to 
24° 420 intermediate between the two ; the replacement of Mg. - . Cu produces but a 



water of crystallisation, which it only parts with entirely at a high 
temperature (220°) and then gives a white powder of the anhydrous 
sulphate ; and the latter, on further calcination, loses the elements of 
sulphuric anhydride, leaving cupric oxide, like all the cupric salts, 'The 
anhydrous (colourless) cupric sulphate is sometimes used for absorbing 
■water ; it turns bluo in th6 process. It offers the advantage that it 
retains both hydrochloric acid and water, but not carbonic anhydride. 11 
Cupric sulphate is used for steeping seed com ; this is said to prevent 
the growth of certain parasites on the plants. In the arts a consider- 
able quantity of cupric sulphate is also used in the preparation of other 
copper salts-— for instance, of certain pigments 11 bU — and a particularly 

very small change in this angle ; (6) that the other angles and the ratio of the 
axe® of the crystals exhibit a similar vacation ; and (7) that thus the variation of the 
form is chiefly determined by the atomic weight of the alkaline metal. As an example 
we cite the magnitude of the inclination of the axe® of B^MCSO^OIIaQ. 


B-~ 

K 

Jib 

Oh 

M^Mg 

75 n 12' 

74 n 1' 

72° 54' 

Zn 

75° 12' 

74° 7' 

72 1 ’ 1 59' 

Cd 

— 

74° 7' 

72 fl 49' 

Mn 

— 

78° 8' 

72° 58' 

Fo 

75° 28' 

74° 18' 

78° 8' 

Co 

76° 6' 

78° W 

72° 52' 

Ni 

75° 0' 

78° 57' 

72° 58' 

Cu 

75° US' 

74° 4 y 

78° 50' 


This shown dourly (within the limits of possible error, which may bo us much m 
80') the almost period identity of the indojxmdimt crystalline forma notwithstanding the 
difference of the atomic weights of the diatomic elements, M *®Mg : , . Cu. 

n In addition to what has been said (Chapter I., Note 05, and Cimpter XXII., 
Note 85) respecting the combination of OuB(> 4 with water and ammonia, wo may add 
that Lachmoft H808) showed that CuH() 4 ,5TI./> loses 4iII 3 0 at 180°, that Cu80 4 ,5NH s 
also lose® 4$NH S at 820°, and that only £H/> and JNH S remain in combination with 
the Cu 80 4 . The last $11*0 can only be driven oil by heating to 200°, and the last 
jfcNHj by heating to 860° Ammonia displaces water from Cu8O 4 ,0H tt O, but water 
cannot displace the ammonia from CuSO^SNIlg. If hydrochloric acid go® bo passed 
over CuSG 4 ,5H 2 0 at the ordinary temperature, it first form® CnSQ^HjO.fijftOl, and 
then Cu80 4 ,2H/),aHCl. When air is pasted over the latter compound it paste® into 
Cti80 4 H/> with a small amount of HC1 (about ^HCl). At 100°. Ci^SO^CHjjO in a 
stream of hydrochloric acid ga® gives CuS0 4 >£H u 0,2HCl, and then CuS0 4 ,$H a OHCl, 
whilst nfter prolonged heating CuS0 4 remains, which rapidly passe® into Cu80 4i 5ILj 0 
when placed under a boll jar over water. Over sulphuric acid, however, Cu30 4 ,&H/> 
only parts with till./), and if CuS0 4 ,2H 8 0 bo placed over water it a^aiu forms 
Cu 80 4 ,DH/>, and so on. 

u bi« Commercial bluo vitriol generally contain® ferrous sulphate. The stilt is purified 
by converting the ferrous salt into a ferric salt by heating the solution with chlorine or 
nitric acid. The solution is then evaporated to dryness, and the unchanged cupric sul- 
phate extracted from the residue, which will' contain the larger portion of the ferric 
oxide. Tho remainder will be separated if cupric hydroxide i® added to the solution andi 
boiled ; the cupric oxide, CuO, then precipitate® tho ferric oxide, F%0 3i just a® it i® itself 
precipitated by silver oxide. But the solution will contain a small proportion of a basic 
salt of copper, and therefore sulphuric acid must be added to tho filtered solution, and tho 
salt allowed to crystallise. Acid salts are not formed, and cupric sulphate itself has an 
tfudd reaction on litmus moor. 



large quantity is usocl in the gcdmnoplmtic which consists i® 

the deposition of copper from a solution of cupric sulphate by tb© 
action of a galvanic current, when the metallic copper is deposited 
on the negative pole and takes tho shape of the latter, The de- 
scription of the processes of galvanopketie art introduced by Jacobi 
in St. Petersburg forms a part “of applied physics, and will not be 
touched on here, and we will only mention that, although drat intro- 
duced for small articles, it is now used for such articles as type moulds 
(duMs), for maps, prints, &e., and also for large statues, and for tho 
deposition of iron, zinc, nickel, gold, silver, &c. on other metals and 
materials. Tho l>ogimnng of tho application of tho galvanic current to 
the practical extraction of me teds from solutions has also boon estab- 
lished, especially since the dynamo- electric machines of Gramme, 
Siemens, and others have rendered it possible to cheaply convert tho 
mechanical motion of tho steam engine into an electric current. It is 
to he expected that the application of the electric current, which has 
long since given such important results in chemistry, will, in the near 
future, play an important part in technical processes, tho example being 
shown by electric lighting. 

TJwnlhyu of ctyqwr with certain metals, and especially with zinc 
<&nd tin, are easily formed by directly melting the metals together. 
They are easily cast into moulds, fofrged, and worked like copper, 
whilst they am much more durable in the air, and are therefore fre- 
quently used in tho arts. Even the ancients used exclusively alloys 
of copper, and not pure copper, but its alloy® with tin or different 
kinds of bronze (Chapter XVIII., Koto 35). Tho alloys of copper with 
sine are called brans or * yellow metal.' Brass contains about 32 p.c. of 
zinc ; generally, however, it does not contain more than 65 p.c. of 
copper. Tho remainder is composed of lead and tin, which usually 
occur, although in small quantities, in brass. Yellow metal contain® 
about 40 p.c. of rine. 19 Tho addition of zinc to copper changes tho 

W Among the alloys of copper rosumblmg iUUa invented by A. Bisk 

<Bniad<m) Is 'largely used (line® inm). It contains if p.e. On, nod 41 p*. 2n» th© 
i Waateiaf 4 i>.e. Botef composed of Iran (m much a§» fi| p .04 which Is first idkyed with 
’ zinc), or of cobalt, sad «Shd ooarUIn otW aotals. Tha ip. gr. of delta metal 

4® a*4. It idcdts at 0 W f®, and them hmmm m fluid that it fills up all the cavities in a 
end ferns nxatiUnt casings. It has a tensile strength of 70 kilo® per «q. mm. 

* (gun metal shoot tO, phosphor bronsn about BO). It k very soft, especially when heated 
to 600°, but after forging and rolling it becomes very hard; it It more difficultly acted 

inpm by air and water Huai othof hinds of brass, and fmmrvm its golden yellow colour 

tSx mj length <»f time, especially if well polished. It is used for making lawing®, mmm 
tyMStltart, valves, and nuuiy other articles. In general tho alloys of On and SSn eon* 

toining about f p.a. by weight of eo|»per worn for a long time Almost exclusively made in 

Swedifi and England (Bristol, Birmingham). These alloys for the most part are cheaper, 
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colour of the latter to a considerable degree y with a certain amount of 
sine the colour of the copper becomes yellow, and with a still larger 
proportion of zinc an alloy is formed which has a greenish tint In those 
alloys of zinc and copper which contain a largorhimount of zinc than 
of copper, the yellow colour disappears and is replaced by a greyish 
colour. But when the amount of zinc is diminished to about 20 p.c.* 
the alloy is red and hard, and is called * tombac/ A contraction takes 
place in alloying copper with zinc, so that the volume of the alloy is 
less than that of either metal individually. The zinc volatilises on 
prolonged heating at a high temperature and the excess of metallic 
copper remains behind. When heated in the air, the zinc oxidise* 
before tho copper, so that all the zinc alloyed with copper may bo 
removed from the copper by this means. An important property of 
brass containing about 30 p.c. of zinc is that it is soft and malleable in' 
the cold, but becomes somewhat brittle when heated. We may also 
mention that ordinary copper coins contain, in order to render them 
bard, tin, zinc, and iron (Cu = 05 p.c.) ; that it is now customary to add 
a small amount of phosphorus to copper and bronze, for tho same pur- 
pose ; and also that copper is added to silver and gold in coining, &<x 
to render it hard ; moreover, in Germany, Switzerland, and Belgium, 
and other countries, a silver- white alloy (melchior, German silver, 
for base coinage and other purposes, is preparod from brass and nickel 
(from 10 to 20 p.c. of nickel ; 20 to 30 p.c. zinc ; 50 to 70 p.c. capper), 
or directly from copper and nickel, or, more randy, from an alloy con- 
taining silver, nickel, and copper. 12 bj0 

Copper, in its cuprous compounds, is so analogous to silver, that 

iaining 415-80 p.o. Cu crystallise in cube® if slowly cooled (Bi also give® crystals). By 
washing the surface of bm®i with dilute sulphuric acid, 2n i« removed and the article 
enquire® tho colour of copper. Tho alloy® approaching Znfiu$ in their eoupoeUion 
exhibit the greatest resistance (under other equal condition® ; of purity, forging, rolling, 
&o.) The addition of 8 p.c. Al, or 6 p.o. 8n, improve® the quality of brm Expecting 
aluminium bron&e see Chapter XVII. p. 88. 

11 fc 1 * Ball (also Kamontdcy), 1888, by investigating the oloctrioal conductivity of the 
alloys of antimony and copper with lead, came to tho conclusion that only two definite 
compounds of antimony and coppor exist, whilst tho other alloys are either alloy® of those 
two together or with antimony or with copper. Those compound® are Cu^Sb and 
CujBb — one corresponds with tho maximum, and tho other with tho minimum, electric®! 
resistance. In general, tho resistance offered to an electrical current forms one of ihef 
methods by which the composition of definite alloys (for example, Pb^Zn,) l§ often 
established, whilst the electromotive force of alloys afford® (Laurie, 1888) a otill more 
accurate method— for instance, several definite compound® were discovered by this 
method among tho alloys of copper with sine and tin ; but we will not outer into any 
detail® of this subject, because we avoid all reference® to electricity, although the reader 
is recommended to moke himself acquainted with this branch of science, which ha® many 
points in common with chemistry. Tho study of alloys regarded as solid solutions should, 
jin my opinion, tlxrow much light upon tho question of solutions, which Is still obscure/ 



were thotfff no cupric compounds, or if silver gave stable compounds 
of the higher oxide, AgO, the resemblance would bo as close as that 
between chlorine and bromine or zinc and cadmium ; but silver 
compounds corresponding to AgO are quite unknown. Although 
•{Ivor peroxide— which was regarded as AgO," but which Bertholot 
(1880) recognised as the sesquioxido Ag a O a — is known, still it docs 
not form any true salts, and consequently cannot be placed along 
with cupric oxide. In distinction to copper, silver as a metal does 
not oxidise under the influence of heat ; and its oxides, Ag*0 and 
Ag a 0 3l easily lose oxygen (wo Note 8 tri). Silver does not oxidise in 
air at the ordinary pressure, and is therefore classed among the 
so-called noble metaU. It has a white colour, which is much purer 
than that of any other known metal, especially when the metal is chemi- 
cally pure. In the arts silver is always used alloyed, because chomi- 
csally-pure silver is go soft that it wears exceedingly easily, whilst when 
fused with a small amount of copper, it becomes very hard, without 
losing its colour. 1 ' • 

19 There tiro not many reft metal® ; lead, tin, copper, nilvor, iron, and gold arc immo- 
what soft, and potassium and sodium wry soft. Xho metals of the nlkalino earth® 
arc sonorous and hard, and many other metala arc tivuu brittle, especially, bismuth 
and antimony. But the very flight significance which thou© properties have In 
determining the fundamental chemical properties of substances (although, however, of 
tenant# importance in the practical application# of metals) i> men from the example 
shown by lino, which it hard at the ordinary temperature, soft at il>0% and brittle 
at m n . 

As the value of silver depends exclusively on it# purity, and an there is no possibility, 
of telling tlm amount of impurities alloyed with it from it# external appearance, it I# 
customary iu meet countries to mark an article with the amount of pure mlver it centuimi 
ate an accurately *«uuh» analysis known an the assay of the silver. In Franco the 
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•atiay of sUvt* ihow# ttrn amount of pdre silver in 1,004) parts by weight; In Russia the 
amount of pure sttw hi W parti— that Is, the assay shown the number of sudotnikt 
(4‘2a grams) of pure silver In one pound {410 grams) of alloyed silver. Russian nilvor k 
generally 84 atway -that is, contains 84 parts by weight of pure silver and Pi parts »f 
^W- r and other metal#. French money contain# b 0 p.c. (in the Russian system this 
will bo 80’4 assay) by weight of silver [ZSnglish coin# and jewellery contain y*j*fi po, of 
the silver rouble i# of HUJ (Msay—- iltat in, it contains hob' p.e. of uilv«r~-&ml the 
JRussiaa silver coinage i# of 4H a««ay, and ’therefore contain# 50 p.c, of silver. 
fwWT mm&mU and articles are usually mwlu in Russia of 04 and 79 assay. As 
of st&m and copper, especially after being lubjoctcd to tlm action of boat, are 



Fig. 07 .-Portii.ble muflls furnace 

mode by compressing bono ash. Tho porous mass of bone ash. absorbs the fused’ oxides* 
especially the load oxide, which is easily fusible, but it does not absorb the unoxidiued 
metal. The latter collects into a globule under the action of a strong heat In the cupel* 
and on cooling solidifies Into a button, which may then be weighed. Several cupels are 
placed ha a muffle* A muffle is a semi-cylindrical clay vessel, shown in the accompanying 
drawing* The sides of the muffle or© pierced with several orifices, which allow the access 
of air into it The muffle is placed in u furnace, where it is strongly heated. Under the 
action of the air entering the muffle the copper of the silver alloy is oxidised, but as the 
oxide of copper is infusible, or, more strictly spooking, difficultly fusible, a certain quan- 
tity of lead is added to the alloy; the lead is also oxidised by the air at the high tem- 
perature of the muffle, and gives the very fusible load oxide. The copper oxide then 
with the lead oxide, and is absorbed bv the eunel. whilst the silver remains os a 


Silver occurs in nature, both in a native state and in certain com- 
pounds. Native silver* however, is of rather ra*e occurrence. A far 


* pickling *) after being worked up. Tins consists in removing the copper from the surface) 
of the article by subjecting it to a dark-rod heat and then immersing it in dilute acid. 
During the calcination the copper on tho surface is oxidised, whilst the silver remains 
unchanged i the dilute acid then dissolves tho copper oxides formed, and pure silver is 
left on tho surface. Tho surface is dull after this treatment, owing to tho removal of a 
portion of tho metal by tho acid. After being polished tho article acquires tho desired' 
lustro and colour, so as to bo indistinguishable from a pure silver object. In order to 
test a silver article, a portion of its mass must bo taken, not from tho surface, but to a 
certain depth. Tho methods of assay used in practice arc very varied,. Tho commonest 
and most often used is that known as cupdhtiion. It is ‘baaed on the difference in the 1 
oxidisabilifcy of copper, lead, and silver. The cupel is a porous cup with thick sides,* 


greater quantity of silver occurs in combination with sulphur, and 
especially in the form of stiver sulphide, Ag t 8, with lead sulphide 
or copper sulphide, or the ores of various other metals. The largest 
amount of silver is extracted from the lead in which it occurs. If this 
lead bo calcined in the presence of air, it oxidises, and the resultant 
load oxide, PbO (* litharge 1 or * rilbergl&tte/ as it in called), melts into 
a mobile liquid, which is easily removed. The silver remains in an 
unoxidised metallic state. 51 Ibis proem is called cupeUatim* 

bright whit© globule, n the weight of tho alloy taken and of the silver lift on tha cupel 
b© determined, it iu poaniblo to calculate the composition of the alloy. Tima tlie ©gsono© 
of onpoll&tion Annotate ini the separation of the oxidisablo metals from silver, which dooo 
Cot oxitliiw under the action of hm%* A more accurate method, baronl on the precipitation 
of silver from Its solutions in the Ion n of silver chloride, I® described in detail in worl» 
on analytical ohomtatry. 

14 In America, wheno© the Iwgoat amount of silver in now obtained, ores arc worked 
containing not mom than | p.o. of eilver, whilst fit § p.c. its attraction ii| very profitable, 
tfoiicrm #i tbs«xtoMlk» of silver from oroa containing not more than 0*01 p.o, of ibis 
metal li profitable, Tim majority of the lead smelted from gtlona contain® 

•Uvsr, which is extracted from ite Thus near Arms, In Franco, an ore is worked 
which contain® about 05 porta d lead and 0*088 part of silver In 100 ports of ore, which 
eomsponds with 105 parte of silver in 100,000 parta of load. At Freiberg, in Boxony, tlu> 
era um\ (enriched by mechanical drasslng) contains about 0*0 of silver, 150 of load, and 
fl of copper in 10,000 pari®. In ovary case the lead in first extracted in the manner 
described in Chapter XVXXX., and thin lead win contain all the silver. Net unfiroqUoutty 
ether ore# of diver are mixed with lead orea, in order to obtain an argentiferous lead m 
the product, The extraction of email quantities of »Qv«r from toad is facilitated by the 
fact (Fatiinfion’a process) that raMten argentiferous. load in cooling first deposits 
oystelt of pure lead, which fall to the bottom of the cooling veniel, whilst the ptepoix 
lion of silver in the tmaolidifiod mast increases owing to the removal of the crystals 1 
Of lead. Tim load is enriched in tide manner until it contains 2 hxt part of ’silver, and 
li then subjected to cupellation on a larger seal©. According to Park's prooose, zinc is* 
added to the molten argentiferous lead, and the alloy of Fb and Zn» which first gSparatee 
out on cooling, in collected. This alloy in found to contain all tho silver previously con* 
.toinod iu tho load. Tim addition of 0*tf p.o. of aluminium to tho zinc (Hoarier and Edulmon) 
facilitates the extraction of tho Ag from tho resultant alloy besides preventing oxida- 
tion; for, after re-molting, nearly all the load easily runs off (remains fluid), and 
leaves an alloy containing about BO p.c. Ag and atamt 70 p.c, Zn. This alloy may bo used 
at an anode in a solution of ZnCl*, when the Zn is deposited on the cathode, leaving tho 
silver with a small amount of Fb, &e. behind, Tim silver can be easily obtained pure by 
tetafeg it with dilute acldt and cupelling. 

Thu mm of fttivtr which contain m largo* amount of it wo i silver glance, Ag d 8 (ip, 
gr, H) t glance, OoAgS ; horn silver or chloride of silvsr, AgGl; 

airatlteoiM pm copper tmt polybaslta, (whom M«A§, Co 4 and E»8b» A»X 
ana argentiferous gold. Tho tatter in tho usual form in which gold it found in alluvial 
deposits and mm. Tho oiystals of gold from the DaruseflSky mines in tho Urals contain 
PD to 95 of gold and 5 to 9 of silver, ami tho Altai gold contains 50 to 55 of gold and 85 to 
$8 of alive*. The proportion of silver in native gold varies between those limits in other 
localities. Silver orea, which generally occur in veimi, usually contain native mlver unci 
<tafl0U® sulphur compounds. Tin.) most famous mines in Europe are in Saxony (Frul- 

a f which has a yearly output of as much as *M tons of silver, Hungary, and Ibheruia 
iultaarfa, silver is extracted in the Altai and at Nemhirmk (17 tons). The 
richest tfivt* mine!) known arc In America, especially in Chili (m> much os 70 tons), 
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Commercial silver generally contains copper, and, more rarely, other 
metallic impurities also. Chemically pure silver is obtained either by 
cupellation or by subjecting ordinary silver to the following treatment. 
The silver is first dissolved in nitric acid, which converts it and the 
copper into nitrates, Cu(]Sr0 3 )2 and AgN0 3 ; hydrochloric acid is then 
added to the resultant solution (green, owing to the presence of tho 
cupric salt), which is considerably diluted with water in order to retain 
the lead chloride in solution if the silver contained load. The copper 
and many other metals remain in solution, whilst the silver is precipi- 
tated as silver chloride. The precipitate is allowed to settle, and the 
liquid is decanted off; the precipitate is then washed and fused with 
-sodium carbonate. A double decomposition then takes place, sodium 
chloride and silver carbonate being formed ; but the latter decomposes 
into metallic silver, because th© silver oxide is decomposed by heat : 
Ag 2 CO d = Ag a + O + C0 2 . The silver chloride may also be mixed 
with metallio zinc, sulphuric acid, and .water, and loft for some time, 
when tho zinc removes the chlorine from the silver chloride and pre- 
cipitates the silver as a powder* This finely-divided silver is called. 
4 molecular silver.* 15 

riclinoBB of those mines may bo judged 'from tho fact that on© min© In th© State of 
Nevada (Comstock, near Washoe and the cities of Gold Hill and Virginia), which was dis- 
covered in 1859, gave an output of 400 tons in 1800. In place of cupellation, chlori- 
nation may also bo employod for extracting silver from its ores. Tho method’ of 
chlorination consists in converting tho silver hi an oro into silver chloride. Thiii is ( 
either done by a wot or by a dry method, roasting tho oro with NaCl. When tho silver 
chloride is formed, tho extraction of the metal ip also don© by two methods. Th© first 
consists in tho silver clilorido being reduced to metal by moans of iron in rotating 
barrels, with the subsequent addition of mercury which dissolves tho eilver, f but 
does not act on tho other petals. Th© mercury holding th© sUvor In solution is distilled, 
when tho silver remain® behind. This method ip colled amalyariiiatum. Tho other 
method i® less frequently used, and consists in dissolving th© silver Chloride in sodium 
clilorido or in sodiytm thiosulphate, and then precipitating th© silver from tho solution* 
'Tho amalgamation is then carried on in rotating barrels containing the roasted ore mixed 
with water, iron, and mercury. The iron reduce® the silver chloride by taking up tho 
chlorine from it. Tho technical .detail® of these processes arc described in works on 
metallurgy. Tho extraction of AgCl by the wet method is carried on (Patera’s process) 
by moons of a solution of hyposulphite of sodium which dissolves AgCl ($m Notts *28), or 
by lixiviating with a 2 p.c. solution of a double ^lyposulplute of Na and Cu (obtained by 
adding CUSO 4 to Na^Oa). The resultant solution of AgCl is first treated with soda 
to precipitate l^bCOs, and then with Ns^S, which precipitates th© Ag and An. Th* 
^process should b© carried on rapidly to prevent tho precipitation of C%S from tho solu- 
tion of CuS0 4 and Noa 8 a Og. 

w Thor© Is another practical method which is also suitable for eoparatfngthe sjlve* 
from th© solutions obtained in photography, And consists in precipitating the silver by 
oxalic acid. In this case th© amount of silver in th© solution must b© known, and S3 
grams of oxalic acid dissolved in 400 grams of water must bo added fear every 60 grama 
of silver in solution in a litre of water. A precipitate of silver oxalate, Ag a C 2 C> 4 , is then 
obtained, which is insoluble in water but soluble in acids. Hence, if tho liquid contains 
mm free acid it must bo previously freed from it by th© addition ol ©odium carbonates 



Chemically-puro silver has an exceeding pure white colour, and a 
fcpooifio gravity of 10*5. Solid silver is lighter than tho molten metals 
mid thoreforo a piece * of silver floats on tho latter. The fusing- 
point of silver is about 950 d 0., and at the high temperature attained 
by tho combustion of detonating gas it volatilises. 16 By employing 
silver reduced from silver chloride by milk sugar and caustic potash, 
and distilling it, Stas obtained silver purer than that obtained by any 
other means ; in fact, this was perfectly pure silver. The vapour of 
silver has a very, beautiful green colour, which is seen when a silver 
wire is placed in an oxy hydrogen flame. 17 

It has long been known (Wohler) that when nitrate of silver, 
AgS< reacts m an oxidising agent upon citrates and tartrates, it is 
aide under certain conditions to give cither a salt of suboxido of silver 
(mm Koto 19) or a red solution, or to give a precipitate of metallic 
silver roducod at tho expense of tho organic substances. In 1889 Carey 
X©% in hi® researches on this class of reactions, showed that soluble 

The resultant precipitate of silver osculate is dried, mixed with an equal weight of dry 
ftmlium carbonate, and thrown into a gently ‘heated crucible. The separation of tho 
■silver then proceed a without an explosion, whilst the silver oxalate if heated alono 

tlerompeiKni with explosion* 

According to Btatt, tho heat method for obtaining silver from iU solutions is by tho 
vedttetiun of silver chloride dlmwlwd in ammonia by means of an ammoniaeal solution of 
eapvtJttB thiosulphate! the silver In then prooipitated in a crystalline form. A solution of 
ammonium sulphite may be nm\ instead of the cuprous salt. 

** Silver i# very midteabk and ductile; it may bp beaten bite leaves O' DOS mm. in 
Ihlok&eM. Silver wire may 1 m made no fin© that l gram is drawn into a wire kilo-* 
metres long* In thin respect silver is teeond only to gold. A wire of 9 mm. diameter 
breaks under a strain of 10 kilogram#. 

In molting, silver absorbs a considerable amount of oxygen, which is disengaged op. 
octal i lying. t he* volume of molten silver absorba us much a« *29 volumes of oxygon. In 
tifdidifying, the silver forms cavities like the cratere of a volcano, and thrown qit metal, 
owing to the evolution of the gas j all those phenomena recall a volcano on a miniature 
Male (Human). Silver which contain?! a small quantity of copper or gold, A*e., does not 
shew thin property of dimiolvittg oxygon. 

The abriorptkm of oxygen by molten silver is, however, an oxidation, but it is at the 
Hamit feline a {ihenomunon of solution, On© cubic centimetre of molten silver can 
sUiaolve twenty4wo cubic centimetres of oxygen, which, ©van at 0°, only weighs 0'08 
from* whilst I cubic centimetre of silver weighs at least 10 grama, and therefore it is 
Iiapf'iitiblii to supposo that the absorption of the oxygen ii attended by tho formation of 
m y tteftolta «»pw»i<t (rich in oxygen) of silver and oxygen (about 45 atom® of sllves to 
1 of oxygon) in any other but a dissociated form, and this is the state to which nub- 
ntiuic«n$ in solution must bo regarded (Chapter I.) 

I.e t’hsu teller showed that at 800** and 15 atmosphere# pressure silver absorbs so 
mud* oxygen that It may' bo regarded as having formed the compound Ag/>, or a 
mixture of Ag.j and Ag a O* Moreover, silver oxide, Ag a <\ only decomposim at 800 ’ under; 
low pressures, whilst at pressures above to atmospheres there in no decomposition at 
m® hut only at AMY'. 

fttM showed that silver is oxidised by air in tho presence of adds. V. d. Pfordtep 
•eoataMft tM»,ftnd ihow«d that an acidified solution of potassium permanganate rapidly 

dittAtvfttt atom* to the mwitttmafl of air. 



silver is here formed, which he called allotropic silver . It may be 
obtained by taking 200 c.c. of a 10 per cent, solution of AgN0 3 and 
quickly adding a mixture -(neutralised with NaHO) of 200 c.c. of a 
80 per cent, solution. of FeS0 4 * and 200 c.c. of a 40 per cent, solution 
of sodium citrate. - A lilac precipitate is obtained, which is collected 
on a filter (the precipitate becomes blue) and Washed with a solution of 
NH 4 NO 3 . It then becomes soluble in pure water, forming a red 
perfectly transparent 'solution from which the dissolved silver is preci- 
pitated on the addition of many soluble foreign bodies. Some of the 
latter — for instance, NH^Og, alkaline sulphates, nitrates, and citrates 
— give a precipitate which redissolves in pure water, whilst others — for 
instance, MgS0 4 , FeS0 4 , K 2 Cr 2 0 7 , AglST 0 3 , Ba(N 0 3 ) 2 and many others — 
convert the precipitated silver into a new variety, which, although no 
longer soluble ixv water, regains its solubility in a solution of borax, 
and is soluble in ammonia. Both the soluble and insoluble silver are 
rapidly converted into the ordinary grey-metallic variety by sulphuric 
acid, although nothing is given off in the reaction ; the same change 
takes place On ignition, but in this case C0 2 is disengaged ; the latton 
Is formed from the organic substances which remain (to the amount of 
3 per cent.) in the modified silver (they are not removed by soaking in 
-alcohol or water). If the precipitated silver be slightly washed and 
laid in a ; "smooth thin layer on paper or glass, it is seen that the solublo 
variety is red when moist and a fine blue colour when dry, whilst the in- 
soluble variety has a blue reflex. Besides those, under special conditions 10 

18 When- solutions of AgN 0 3 , FeS0 4 , sodium oitrato, and NaHO are mixed together 
in the manner desqHbed abovo, they throw down a precipitate of a beautiful lilac 
colour; when transferred to a filter paper the precipitate s£>on changes colour, and 
becomes dark blue. To obtain the substanoe as pure as possible it is washed with a 
6-10 p.o. solution of .ammonium nitrate; the liquid is decanted,. and 160 o.c. of water 
poured Over the precipitate. It then dissolves entirely in the water. A small quantity of 
a saturated solution of ammonium nitrate is added to the -solution, and the silver 
in solution again separates out as a precipitate. Those alternate solutions and 
precipitations are repeated seven or eight times, after which t)m precipitate ik trans- 
ferred to a filter and. washed with 05 q>.c. alcohol until the filtrate gives no residue on 
evaporation. An analysis of the substance so obtained showed that it contained from 
97*18 p.c. to 97*81 p.c. of metallic silver. It remained to discover what the remaining 
fi-3 p.c. wore composed of. Are they merely impurities, or is the substance some com- 
pound o! silver with oxygen or hydrogen, or docs it contain citric acid in combination 
which might account for its solubility? The first supposition is set aside by the fact* 
that no gased a*© disengaged by the precipitate of silver, either tmdar the action of gases 
or wh$n heated. The second supposition is shown to bo impossible by the fact that 
there is no definite relation between the silver and citric acid. A determination of tho 
amount of silver in solution* showod ihat the amount of citric acid varies greatly for one 
end tho fiamo amount of silver, and there is no simple ratio between them. Among 
other methods of preparing soluble silver given by Carey Lea, we may mention tho 
method published by liim in 1891. AgNOj is added to a solution of dextrine in caustio 
or notfisli : at first a nroeimtato at brown oxida at silver ia thrown dmvn. but tha 



a golden yellow variety may bo obtained, which gives a brilliant golden^ 
yellow coating on glass ; but it is easily converted into the ordinary 
grey* metallic state by friction or trituration. There is no doubt 18 M* 
that there is the wane relation between ordinary silver which is per- 
fectly insoluble in water and the varieties of silver obtained by Carey 
Ltm tH * rl as there is between quartz and soluble silica or between 

brown notour then changes into a reddish chocolate, owing to the redaction' of the silver 
by the dextrine, and the solution turns a deep red. A few drops of this solution turn 
witter bright ml, and give a perfectly trsiMparont liquid. The dextrine solution is pro- 
paml hy diimulviug 40 grams of caustic soda arid the same amount of ordinary brown 
dextrine in two litres of water. To this solution is gradually added 128 grams of AgNO$ 
dutadved in u wmll quantity of water. 

The im.eluhle ullototpie silver i« obtained, os was mentioned above, from a solution 
of silver prepared in the manner described, by the addition of sulphate of copper, 
iron, barium, magnesium, Ac, In one experiment lam suoocoded in obtaining th©. 
insoluble ollotrepic Ag Ur a crystalline fonn. The red solution, described above, after 
•tending several weeks, deposits crystals - sponUnoouuly In tire form of abort block 
needles and thin prisms, the liquid becoming colourless. This insoluble variety, when 
mbM upon paper, lisa th© appeareno© o! bright shining green flake®, which polarise 
I%hi 

The gold variety is obtained in a different manner to tiro two other varieties. A 
•elution is prepared containing 200 o.c, of a 10 p.c. solution of nitrate of silver, 200 c,o. 
of a 20 j».e. solution of Robholl© salt, and BOO o.c. of water. Just as in the provioutf case 
the reaction cniiftiatod in the redaction of the citrate of silver, so in this case it consists 
in the redaction of the tartrate, which here first forms a red, and then a block precipitate 
of oUotrepte Ag, which, whim transferred to the. filter, appear# of a beautiful bron*© 
•ntoar. After wanking and drying, this precipitate acquires the lustre and colour 
pmdiar to polished gold, and this is especially remarked where the precipitate comes 
Into contact with glass or china. An analysis of the golden variety gave a percentage 
composition of 98*760 to 98*749 Ag. Both the insoluble varieties (the blue and gold) 
have a different specific gravity from ordinary silver. Whilst that of fused silver is 10*60, 
And of finely-divided silver 10*69, th© specific gravity of the blue insoluble variety is 9*68, 
and of the gold variety 8 61.* The gold variety passes into ordinary Ag with great ease. 
Thin transition nmy oven Iki remarked on the filter in those places which have acciden- 
tally net liven juuintenod with water. A simple shook, and therefor© friction of on© 
particle upon another, in enough to convert the gold variety into normal white silver. 
Carey l#en mmi samples of the gold variety for a long distance by rail packed in thro© 
tftttbtm, in which th© silver occupied about the quarter of their volume ; in one tub© only 
|» ftUdl up this spoo® with cotton* wool. It was afterwards found that the shaking of 
the parted©# of Ag boil completely converted it into ordinary white silver, and that only 
too tub# ©omteiiitag the eottomwuol bad preserved the golden variety intact 

The iriublii variety of Ag also pomm into the ordinary state with great ©aw, th© 
'heat of oouvonion being,, as Bmsge showed in 1890, about +60 calorie#. 

*» w* The opinion of th® nature of soluble silver given below was first enunciated in 
the fotrnml of $k$ Xiumian Ohmrmal February 1, 1890, Vol. XXII., Note 78. 

This view is, at the present tone, generally accepted, and tbit .silver is frequently known 
m the * colloid ‘ variety. I may add that Carey Lea observed th© solution of ordinary 
vaotecular silver in ammonia without th© acce## of air. 

w w* It is, however, noteworthy that ordinary motafli© lead ha® long been considered 
soluble to water, tliat boron has been repeatedly obtained in a brown solntiofi, and that 
fbwvattont upon the development of, certain bacteria have shown that th© latter dte in 
water vikteh has hmatm snip® time to contact with motel#. This teems to indicate th© 


CuS and As 2 S 2 in their ordinary insoluble forms and in the state of 
the colloid solution of their hydrosols (see Chapter I., Note 57, and 
Chapter XVII.,. Note 25 bis). Here, however, an important step in 
advance has been made in this respect, that we are dealing with the 
solution of a simple body, and moreover of a metal — i.e. of a particu- 
larly characteristic state of matter. And as boron, gold, and certain • 
other simple bodies have already been obtained in a soluble (colloid) 
form, and as numerous organic compounds (albuminous substances, 
gum, cellulose, starch, &c.) and inorganic substances are also known in 
this form, it might be said that the colloid state (of hydrogels and hydro- 
sols) can be acquired, if not by every substance, at all .events by sub- 
stances of most varied chemical character under particular condition^ 
of formation from solutions. And this being the case, we may hope 
that a further study of soluble colloid compounds, which apparently 
present various transitions towards emulsions, may throw a new light 
upon the complex question of solutions, which forms one of the problems 
of the present epoch of chemical science. Moreover, we may remark that 
Spring (189Q) clearly proved the colloid state of soluble silver by means 
of dialysis as it did not pass through'- the membrane. 

As regards the capacity of silver for chemical reactions, it is 
remarkable for its small capacity for combination with oxygen, and for 
its considerable energy of combination with sulphur, iodine, and cer- 
tain kindred non-metals. Silver does not oxidise at any temperature, 
and its oxide, Ag 2 0, is decomposed by heat. It is also a very impor- 
tant fact that silver is not oxidised by oxygon cither in the presence of 
alkalis, oven at exceedingly high temperatures, or in. the presence of 
acids — at least, of dilute acids —which properties render it a very 
important metal is?, chemical industry for the fusion of alkalis, and also 
for many purposes in everyday life ; for instance, for making spoons, 
salt-cellars, <&c. Ozone, however, oxidises it. Of all acids nitric acid 
has th© greatest action on silver. The reaction is accompanied by the 
formation of oxides of nitrogen and silver nitrate, AgNO s , which 
dissolves in water and does not, therefore, hinder th© further action of 
the acid on the metal. The halogen acids, especially hydriodic acid, 
act on silver, hydrogen being evolved ; but this action soon stops, 
owing to the halogen compounds of silver being insoluble in water and’ 
•only very slightly soluble in acids ; they therefore preserve th© remaining 
mass of metal from the further action of the acid ; in consequence 6f 
this the action of the halogen acids is only distinctly seen with finely* | 
divided silver. Sulphuric acid $cts on silver in the same manner that 
• it does on copper, only it must bp concentrated and at a higher 


but there is do action at the ordinary temperature, even in the' presence, 
of &ir. Among the various salts, sodium chloride (in the presence of 
moisture, air, and carbonic acid) and potassium cyanide (in the presence 
of air) act on silver more decidedly than any others, converting it respec* 
tively into silver chloride and a double cyanide. 

Although silver does not directly combine with oxygen, still three 
different *gmdm of combination with oxygen may be obtained indi* 
rootly from the salts of silver. They are all, however, unstable, and 
decompose into oxygen and mctalli6 silver when ignited. These three 
oxides of silver have the following composition : silver suboxide , 
Ag 4 0, l '> corresponding with the (little investigated) euboxidos of the 
alkali metals ; silver oxide, Ag fl O, corresponding with the oxides of the 
alkali metals and the ordinary salts of silver, AgX ; and silver peroxide, 
AgO, n Us or, judging from Bertholot’s researches, Ag a O a . Silver oxide 
is obtaintnl as a brown precipitate (which when dried does not contain 
water) by adding potassium hydroxide to a solution of a silver salt — 
for example, of silver nitrate. The precipitate formed seems, however, 

19 flavor nubnxid® (Ag 4 0) or &rg«mtoua oxide is obtained from argentic citrate by 
boating it to UK) rt in a stream of hydrogen. Water and argontous citrate are then 
formed, and the latter, although but slightly soluble in water , ' give® a reddish* 
brown solution of colloid ■ sliver (Note 18), and when boiled this solution become® 
and deposit# metaUio silver, the argentic salt being again formed, Wdhlor, 
who discovered this oxide, obtained it an a black precipitate by adding potassium 
hydroxide to to© -above eolation of argentous citrate. With hydrochloric add toe 
euboi#© give© a brown compound, Ag»Cl. Sine® too discovery of soluble- diver toe 
above duto«M«tot bfxegarded as perfectly trustworthy ; it h probable that a mixture of 
Ags and Ag§0 was being ’dealt with, so that the actual existence of Ag 4 Q in' now 
doubtful, bat there cun bo no doubt, as to the formation of a spbohlorid®, Ag a Cl (see 
Note 25), corresponding to the suboxide. The same compound is obtained by the action 
of light on the higher chloride. Other acids do not combine with silver suboxido, but 
convert it into an argentic salt and metallic silver. In this rmjKMjt cuprous oxido 
|>r«M©nt» a certain *wt>xnblane® to thou® unbox ides. But copper forme a unboxido of 
the oomptMtUion Cti 4 0, which k obtained by the action of an alkaline ©cdution of 
etatmoo* oxide m cuprio hydroxide, and in decomposed by acids into euprto naBa and 
ttfttallio ©tipper. The problem* offered by tlm guboxidos, a© well a® by the peroxides, 
owmot bo <xm«l6®iwd m fully idlvod. 

» m #r pmmiie, A#0 or Ag Ah hi obtained by tha decomposition of a dilute 
(18 p*©d of ettre uitmto by the action of a galvanic current (Bittor). On to® 

poaltlv® polo, whoa® omen U usually evolved In too decomposition of salts, brittle grey 
mwdlrni with a mttaUi® lustre, which occasionally attain a somewhat considorabl® sto®, 
art thon formed. They ax* bmolubk in water, and decompose with to® evolution of 
oxygon when they ore drlodl and heated, ©specially up to 160°, and, like load dioxide, 
barium jwrrtxid®, &6. f thdr action Is strongly oxidising. When treated with acids, oxygen 
ft evolved and a wQt of the oxide formed. Silver peroxide absorb© sulphurous onbydnd® 
meA teem® ailver sulphate. Hydrochloric acid evolve© chlorine ; ammonia reduces to® 
ailvor.ami b itseU oxidbed, forming water and gaimous nitrogen. Analyses of to® above* 
ttWM& osryetals show that they contain silver nitrate, peroxide, end water. According 
to ftahoin tfeev have too oomnooiltoxi 4AfiO.AjrN0juHA and, according to Bortholofc 



to fee an hydroxide, AgHO, i.e . AgN0 3 + KHO = KKG 3 + AgHO, 
and the formation of the anhydrous oxide, 2AgHO =5 Ag^O + H 3 0> 
may be compared with the formation of the anhydrous cupric oxide by 
the action of potassium hydroxide on hot cupric solutions. Silver 
hydroxide decomposed into water and silver oxide, even at low 
temperatures ; at least, the hydroxide no longer exists at 60°, but 
fforms the anhydrous oxide, Ag a 0. l9tri Silver oxide is almost 
insoluble in water ; but, nevertheless, it is undoubtedly a rather 
powerful basic oxide, because it displaces the oxides of many metals 
from their soluble salts, and saturates such acids as nitric acid, 
forming with them neutral salts, which do not act on litmus paper. 29 
Undoubtedly water dissolves a small quantity of silver oxide, 
which explains the possibility of its action on solutions of salts — for 
example, on solutions of cupric salts. Water in which silver oxide 
is shaken up has a distinctly alkaline reaction. The oxido is dis- 
tinguished by its groat instability when heated, so that it loses all its 
oxygon when slightly heated. Hydrogen reduces it at about 80°. 20 bl * 
The feebleness of the affinity of silver for oxygen is shown by the fact 
that silver oxide decomposes under the action of light, so that it mustb$ 
kept jin opaque vessels. The silver salts are colourless and decompose 
when heated, leaving metallic silver if the elements of the acid arc 
volatile. 20 trl They have a peculiar metallic taste, and are exceedingly 
poisonous ; the majority of them are acted on by light, especially in 
the presence of organic substances, which are then oxidised. The 
alkaline carbonates give a white precipitate of silver carbonate,, 
Ag a 00 3) which is insoluble in water, but soluble in ammonia and, 
ammonium carbonate. Aqueous ammonia, added to a solution of a 
normal silver salt* first acts like potassium hydroxide, but* the precipitate 
dissolves* in an excess of the reagent, like the precipitate of cupric 

trt According to Carey Lea, however, oxide of silver atm retains water even at 100°, 
and only ports with it together with the oxygen. Oxide of silver is used for colouring 
glass yellow. 

80 The reaction of Pb(OII) a upon AgHO in fcho presence of NaHO leads to the 
formation of a compound of both oxides, PbOnAggO, "from which tho oxido of lead 
cannot bo removed by alkalies (Wohler, Lot-on). WUhleV, Welch, and others obtained 
crystalline double salts, B^AgXs, hy tho action of strong solutions of RX of tho halogen 
salts of the alkaline metals upon AgX, where IWCfi, Bb r K. 

WM " According to MUllor, ferric oxide is reduced by hydrogen* (acc Chapter XXCE., 
Note 0) at &0d° (into what £), cupric oxide at 140°, NiyO&at, 150° ; nickolous oxide, NiO, 
4» reduced to the suboxido, Ni$0, at and to nickel at* 270° ; sdno oxide requires so 
high a temperature for its reduction that the glass tub© if* which MCUler conducted the 
experiment did not stand the heat ; antimony oxido requires a temperature of 215° for 
its reduction \ yellow mercuric oxido is reduced at I90 a and the red oxide at 280° ; silver 
oxide at H5 l> , and platinum oxido even at tho ordinary temperature. 

90 m A silica compound, Ag 9 OSiO$ is obtained by fusing AgNOj with silica; this salt 

rtABri »inO> OiA /iti/O.i + i twrvftri^ Iflnwiniy A ft QifV.. 


hydroxido . 31 Silver oxalate and the halogen compounds of silver are 
insoluble in wator ; hydrochloric acid and soluble chlorides give, 
as already repeatedly observed, a white precipitate of silver chloride 
in solutions of silver salts. Potassium iodide gives a yellowisl^ 
precipitate o£ silver ioclido. Zinc separates all the silver in a metallic} 
form from solutions of silver salts. Many other metals and reducing 
agontt—for example organic} substances — also reduce silver from tho 
solutions of its salts, 

SUimr nitrate AgNO a , is known by tho name of lunar caustic 
(or lapis inferntdiu) ; it is obtained by dissolving metallic silver 
in nitric acid. If the silver be impure, the resultant solution will 
edniain a mixtures of the nitrates of copper and silver. If this mixture^ 
be evaporated to dryness and the residue carefully fused at ®ji\ 
incipient red heat, all the cupric nitrate is decomposed, whilst the 
greater part of the fiiivep nitrate remains unchanged. On treating 
t&o fated mass with water tho latter is dissolved, whilst tho cuprio 
oxide remains insoluble. If a certain amount of silver oxide be added 
to the solution containing the nitrates of silver and copper, it displaces 
all the cupric oxide. In this cage it is of course not necessary to take 
pure silver oxide, hut only to pour off some of tho solution and to add 
potassium hydroxide to one portion, and to mix the resultant pro- 
oipltate of the hydroxides, €u(OH) a and AgOH; with the remaining 
portion .* 1 By these method® all the copper can bo easily removed and' 

f * II a aefatfon of a eUver wait be preeipltabMi by sodium hydroxide, and tujueou* 
tmmmm l« added drop by drop until the precipitate is completely dissolved, the 
l}gu!d when evaporated depoeita a violet m»«n ©I eryatellmo ailvor oxide. II moist ©Ilvor 
oxide Iw loft In a strong rotation of ammfmia it gives a block mass, which easily decom- 
pose with a loud explosion, eapwlally whim struck. Tbit black »«b*tanet it called 
fuhnirmtin# iflver, Probably this is a compound like tho other compounds of oxides 
with ammonia* and In exploding the oxygen of the silver oxide forms water with tho 
hydrogen at the ammonia, which is naturally accompanied by tho evolution of heat and 
of gtutttiwi nlteoptn, or, m Boschig Staton, fakniiiatteg silver contains NAgs or 
ope of Hit amldtei (for instance, HHAg$ *» NHg 4= AggO^HfO), Fulminating silver i» also- 
farmed wh« potawimm hydroxide is added to a rotation of tUvcw nitrate In ammonia, 
Qm Amgems which oro prottarod bythl* compound render It noedful that, 

groat omps be telme when wits of silver come Into contact with ammonia and aQntfr 
{me Chifte* TO, m* 

* S© that w# hero oncoutite* tho following phenomena i copper displace© tUttr from , 
0m notations of.it* ttlta, and silver oxide dleptaeot copper oxide from eoprio ealta 
Qoldod by the conceptions emmeiated hi Chapter XT,, wo oa& fusommfe for this In tho 
following manner i Tlie atomic volume of ailvor^lUS, and of copper*® 7*9, of sUve* 
OUhlo*®^ and of copper oxide® IB. A greater contraction ho# ’taken place in the for- 
qftalloti of cupric oxide, CtaO, than in tho formation of silver oxide, Ag a O, tlnoe In tho 
former (gB— f a»6) tho volume after combination with tho oxygon boa taoreosod by v«ty 
little* whikt the volume of silver oxide la considerably greater than .that of the metal IS 
OMtafe* w IPi). Hence silver oxide Iw him compact than cuprio oxide, 

<Kkd I* therefor less stable ; but, on tho other hand, there aw greater. Interval* 



'pure silver nitrate obtained (its solution is colourless, while the presence 
of Cu renders.it blue), which may be ultimately purified by crystallisa- 
tion. It crystallises in colourless transparent prismatic plates, which 
are not acted on by air. They are anhydrous. Its sp. gr. is 4*34 ; it 
dissolves in .half its weight of water at the ordinary temperature. 22 Wa 
The pure salt is nob acted on by light, but it easily acts in an oxidising 
manner on the majority of organic substances, which it generally 
blackens. This is due to the fact that the organic substance is oxidised 
by the silver nitrate, which is reduced to metallic silver ; the latter is 
thus obtained in a finely-divided state, which causes the black stain. 
This peculiarity is taken ad vantage of for marking linen. Silver nitrate 
is for the same reason used fdr cauterising wounds and various growths 
?on the body. Jlere again it acts by virtue of its oxidising c&paoity in 
destroying the organic matter, which it oxidises, as is seen from the 
Reparation of a coating of black metallic powdery silver from the part 
^/cauterised, 22 tri From the description of the preparation of silver nitrate 
it wifi have been seen that this salt, which' fuses at 218°, does not 

give nior© stable compounds than those of copper oxide. This is verified by the figures 
and data of their reactions. It is impossible to calculate for ou^rio nitrate, because thia 
' salt has not yet been obtained in (in anhydrous state ; but th6 sulphates of both oxide® 
are known. The specific gravity of copper sulphate' in an anhydrous state, ie 8*58, and of 
silver sulphate 8*80; the moleoular volume of the former is 45, and of the latter 58. 
The group &0 3 in the ooppor occupies, as it wore, a volurao 45— 18 « 82, and in tho silver 
salt a volume 58—82—20 ; henco a smaller cohtraotion has taken place in tho formation 
of the copper salt from the oxide than in the formation of tho silver salt, and conse- 
quently the latter should bo more stable than the former. Henco silver oxide ia 
able to decompose the salt of copper oxide, whilst with respect to tho metals both salts 
have been formed with an almost identical contraction, since 58 volumes of the silver 
salt contain 21 volumes of metal (difference— 87), and 45 volumes of the copper salt 
contain 7 volumes of copper (difference® 88). Besides which, it must be observed that 
copper o*xide displaces iron oxide^just .aa silver oxide displaces copper oxide. Silver® 
copper, and iron, in the form of oxides, displace each other in the above order, but in the 
form of metals in a reverse order (iron, copper, silver). The cause of this order of tho 
displacement of the oxides lies, amongst other things, ia their composition. They have 
tho composition Ag a O, OuaOa/FeaOsJ the oxide containing a less proportion of oxygen 
displaces that containing a larger proportion, because the basic character diminishes 
i with tho increase of contained oxygon. 

Copper also displaces mercury from its salts. It may here ho remarked that Spring 
(1888), on leaving a mixture of dry mercurous chloride and copper for two hours, 
observed a distinct reduction, which belongs to the category of those phenomena which 
demonstrate tho existence of a mobility of parts (ie, atoms and molecules) in solid* sub* 
'stances. 

591,19 The reaction of 1 part' by weight of AgN0 3 requires (according to Kremera) the 
following amounts of water: at 0°, 0*82 part, at 10°*5, 0*41 port, at 54°> 0*20 part, 
at IIOVO‘09 part, and, according to Tilden, at 125°, 0*0017* part, and at 188°, 0*0510 
part. 

fi8 * rt It may bo remarked that tho black stain produced by tho reduction of metallic- 
silver disappears under the action of a solution of merchrio chloride or of potassium 
Cvanide. because these salts act on flntilv-divided silver. 



m at an Incipient red beat ; when east into sticks it is usually 
d for cauterising. On further heating,. the fused salt undergoes 
Motion, first forming silver nitrite and then metallic .silver, 
inmonia, silver nitrate forms, on evaporation of the solution, 
hh crystals containing AgNO a ,2HN„ (Marignac). In general 
i of silver, like cuprous, ouprio, sino, <fce. salts, are able to give 
somponnd* with ammonia ; for example, silver nitrate in a dry 
sorbs three molecules (Rose), The ammonia is generally easily 
E from these compounds by the action of boat 
ate of silver easily forms double salts like AgNO 0 2NoNOa and 
KNO u . Silver nitrate under the tiotion of water and a halogen 
trie acid (aiw Vol. X. pv 280, formation of N a O 0 ), a halogen salt of 
nd a sliver salt of an oxygen acid of ilie halogen. Thus, for 
j, a solution of chlorine in watery when mixed with a solution of 
Urate, gives silver chloride and ohlorato. It is hero evident tiiat 
stion of the silver nitrate m identical with the reaction of the 
alkalis, m the nitric add is all set free end the silver oxide only 
a exactly the same way in which aqueous potash acts on free 
>. Hence the reaction may be expressed in the following 
' : fiAgNO* 4- SCI, + 3H*0 « ftAgCl + AgCIO, 4* GNUO*. 
or nitrate, like the nitrates of the alkalis, docs not contain any 
of crystallisation. Moreover the other salts of silver almost 
separate out without any water of crystallisation. The silver 
re further characterised by the fact that they gim mitkwr 
i or <md mUfy owing to which the formation of silver salts 
ly forms the means of determining the true composition of 
thus, to tiny acid U„X there corresponds a salt Ag rt X — for 
n, Ag 3 K> 4 (Chapter XIX., Note 15), 

vr given insoluble and exceedingly stable cimjnnindtt with the 
is, They are obtained by double decomposition with groat 
whenever a silver salt cornea in contact with halogen salts, 
ns of nitrate, sulphate, and all other kindred salts of silver give 
pliate of silver chloride or Iodide in solutions of chlorides and 
and of the halogen acids, because the halogen salts of silver wre 
th bora la water m and in other acids. SUmr chloride, AgOl, is 

Ivor tihloruk i§ almoftt porfisctly Insoluble In w*,t«r, but to anmowhat Aoluhl* in, 
'tttnini»K w*Uum eltlofiUn or hyilmdhlorlo add, or othor dhlori*io:s, and tunny iwilts, 
«,ji. Thun lit UMV, 100 juirts's of wntor mtumtod with runlium chh>rhlo lUtwwlv# 
of nilvur chlojruhn. Brumnlo iwiU ifnikto of «ilv*>r uro lomi tsoluhln in Hurt roftpoot, 
n to cthqr volvetita it Should ho remarks! that silm r ehtorido 'ddmdhm 
4$m of ammonify yut&sdum eyamidts, and uf indium thioeulyhoU, N%8^, 
fattfA S to almost paarfootly analogous to this eblurfaUi, hut lo&lda in nearly 

dk:” ..-I In .wlu, am« 


then obtained as a white flocculent precipitate, diver bromide forms a 
yellowish precipitate, and silver iodide has a very distinct yellow 
colour. These halogen compounds sometimes occur in nature ; they 
are formed by a dry method— -by the action of halogen compounds on 
diver compounds, especially under the influence of heat. Silver chlo- 
ride easily fuses at 451° on cooling from a molten state ; it forms 
a somewhat soft horn-like moss which can be cut with a knife 
and is known as horn diver . It volatilises at a higher tempera* 
lure. Its ammoniacal solution, the evaporation of the ammonia, 
deposits crystalline chloride of silver, in octahedra. Bromide and 
iodide of silver also appear in forms of the regular system, so that in 
this respect the halogen salts of silver resemble the hrlogen salts of the 
alkali metals; 24 

forming very unstable ammoniacal compounds. When heated, those compounds (Vol. X. 
p. 250, Note 8) evolve the ammonia, as they also do under the aotion of all aoids. Silver 
chloride enters into double decomposition with potassium cyanide, forming a soluble 
double oyanido, wlxicb wo shall presently describe ; it also forms a soluble double salt, 
NaAgS 2 Og, with sodium thiosulphate. 

Silver chloride offers different modifications in the structure of its molecule, as is seen 
in the variations in the consistency of the precipitate, and in the differences in the aotion 
of light which partially decomposes AgCl (see Note 25). Stas and Carey Lea investigated 
this eubjoot, which has a particular importance in photography, because silver bromide 
also gives jphoto-mlts. There is still much to be discovered in this respect, since Abney 
showed that perfectly dry AgCl plaood in a vacuum in the dark is not in the least acted 
upon when subsequently exposed to light. 

^ Silver bromide and iodide (which occur as the minerals bromite and iodite) 
resemble the chlorido in many respects, but the degree of affinity of silver for iodine is 
greater than that for ohloripo and bromine, although less heat is evolved (see Note 28 hi a). 
DevLlle deduced this foot from a number of experiments. Thus silver chloride, when 
treated with hydriodio acid, evolves hydroohlorio aoid, and fonfts silver iodide. Finely- 
divided silver easily liberates' hydrogen when treated with hydriodio aoid ; it produce^ 
the same decomposition with hydroohlorio acid, but in a considerably less degree and 
only on the surface. The difference between silver chloride and Iodide is especially 
remarkable, sine* the formation of the former -is attended with a greater Contraction 
than that of the latter. The volume of AgCl*&6 ; of ohlorme 27, of silver 10, the sum 
«87, hence a contraction has ensued; and in the formation of silver iodide an expansion 
takes place, for the volume of Ag is 10, of I 26, and of Agl 89 instead of 80 (density, 
AgOl, 6*69 ; Agl, 0*67). The atoms of chlorine have united with the atoms of silver 
Without moving asunder, whilst the atones of iodine must have moved apart in 
combining with^ tho silver. It is otherwise with respect to the metal ; the distance 
between its atoms in tho meted®* 2*2, in silver chloride <= 0'0, and in silver iodide 
«b$' 0 ; hence its atoms have moved asunder considerably in both cases. It is also very 
romarkablb, as Fizoau observed, that the density of silver iodide increases with a rise ofl 
temperature — that is, a contraction takes place when it is heated and on expansion wheqj 
it is coded. 

In order to explain the fact that in silver compounds the iodide is mere stable than 
the chloride and oxide, Professor N. N. Bekotofl, in his ‘Besearohes on the Phenomena 
of Substitutions ’ (Kharkoff, 1860), proposed the following original hypothesis, which We 
will give in almost the words of the author:— In the case of ahiminiqm, the oxide, ALjO s , 
is more stable th/m the chloride, A^Cfe, and the iodide, Al^I^. In the oxide the oznounb 

tViA rnAtfd is to the amount of the element, Combined with it os 04*8 (Al«27*8) it to 48b, 



Silver chloride may be decomposed, with the reparation of silver 
oxide, by heating it with a solution of aft alkali, and if an organic 

or in tho ratio 1X2 : 1O0 ; for the chloride tins ratio : 100 ; for the iodide it® 7 : 100 
In the case of silver the oxide (ratio •- * 130© 1 100} is It%® stable than the chloride (ratio 
«dU)4 : 100), and the iodide (ratio of the weight of metal to tho weight of the halogen 
mm : 100) if the most stable. From theta and similar examples it follows that tho most 
stable compounds are those in which tho weights of th# combined substances are equal. 
This may be partly explained by tho attraction of similar molecules even after their 
having passed Into combination with others. This attraction is proportional to the 
product of the acting masses. In Oliver oxide tho attraction of Ag a for Ag a »»iX0 x SI© 
® 46 , 056 , and tho attraction of Ag.j 'or O«a310 x 16 «* 8,400. Hie attraction of Ilk© mole- 
cules thus counteracts the attrac .on of tho unlike moloonhm. Tho funner naturally 
does not overcome the latter, othorwiao there would be a disruption, but it nevertheless 
diminishes the stability. In the cane of an equality or proximity of tho magnitude of 
the combining uuuwoh, the attraction of tho like jun'ts will counteract tho stability of tine 
eompmmd to the least extent— in other words, with an inequality of tho c> >mhiuod massos, 
the molecules have a j inclination to return to an elementary state, to decomjKwe, which 
does hot exist to such an extent where the combined man see are equal. Thor© is, there- 
fore, a tendency for large masses to combine with large, and for small masses to combine 
with small, lienee' Ag a 0 + 210 gives K a O + SAgI. The influence of an equality of 
masses on the stability is seen particularly clearly in the off net of a rise of temperature. 
Argentic, mercuric, auric and other oxides composed of unequal masses, are f somewhat 
readily decomposed by heat, whilst tho oxides of the lighter metals (like water) are not m 
easily decomposed by heat. Bilver chloride and iodide approach the cogditiou of 
equality, and arc not decomposed by heat. Th© most stable oxides under the action of 
heat are those of magnesium, calcium, silicon, and aluminium, since they also approach 
tho condition of equality. For the same reason hydriodb odd decomposes .with greater 
facility than hydrochloric add. Chlorine does not act on magnesia or alumina, but it 
act® on lime and diver oxide, to. Tins is partially explained by tho fact that by con- 
sidering heat at a mod® of motion, and knowing that the atomic heate of the free elemspte 
are equal, it must bo supposed that the amount of the motion of atom® (their vlt vtoa) I® 
equal, and m it in equal to the produet of tire mm® (atomic weight) into tho square of toe 
velocity, it follows that the greater tho combining weight the smaller will bo tho square 
of Urn velocity, and if the combining weights be nearly equal, then toe velocities also will 
be nearly equal. Hence the greater the difference between the weights of the combined 
atoms the greater will be the difference between their velocities. The difference between 
the velocities will increase with the temperature, and therefore the tenvpendure of d«> 
composition will be tho sooner attained the greater 1 h| the original difference - that it, 
the greater the difference of tho weights of the combined substances. The nearer thus# 
weights are to each other, the more analogous the motion of the unlike atoms, and eon* 
aoquently, the more stable to© resultant compound. 

Th® instability of cupric chloride and td tries oxide, toe absence of compounds of fluorine 
with oxygen, whihit there are compounds of oxygon with chlorine, too greater stability of 
to© oxypn compounds of iodine than those of chlorine, the liability of boron nitride, and 
to# instebQity of cyanogen, and anumbnr of similar tastono^h, a toe, Judgittg tmm too above 
argument, on# would expect (owing to the closeness of to# atomic weight®) a stability, 
show that Beketoffs addition to the mechanical theory of chemical phenomena Is still 
for from sufficient for explaining the feme relations of affinities, Nevurthehw?, in his 
mode of explaining to# relative stabilities of compounds* w« find an exceedingly int rest- 
ing treatment of questions of primary importance. Without such efforts it would b# 
impOiiribk|to gonarolii# the complex data of experimental knowledge. 

Mmmk qf ritecr, AgF, it obtained by dissolving Ag a O or Ag^OO* in hydrofluoric acid- 
It #iir§ from too other Wlogen mils of silver in being soluble in water (1 part of sail in 
wate). J&QkytosUlaes from it® eolation in prism®, AgFH a O (Marignac), or AgP«Jl l f O 



eubstano© be added to the alkali the chloride can easily be reduced to 
metallic silver, the silver oxide being reduced in the oxidation o f the 
organic substance. Iron, rinc, and many other metals reduce Silver 
chloride in the presence of water. Cuprous and mercurous chlorides 
and many organic substances aro also able to reduce the silver from 
chloride of silver. This shows the rather easy decotoposability of th©» 
halogen compounds of silver; Silver iocjido is much more stable in this 
respect than tlio chloride. The same is also observed with respect to 
the action of light upon moist AgCL White silver chloride soon acquires 
a violet colour when exposed to the action of light, and especially 
under the direct action of the sun's rays. After being acted upon 
by light it- is no longer entirely soluble in ammonia, .but leaves 
metallic silver undissOlvecl, from which it might be assumed that the 
action of light consisted in the decomposition of the silver chloride 
into chlorine and metallic silver and in fact the silver chloride be- 
comes in time darker and darker. Silver Bromide and iodide are much 
more slowly acted on by light, and, according to certain observations, 
when pure they are oven quite unacted on ; at least they do not change 
in weight, 24 UA So that if they arc acted on by light, the change they 
undergo must bo one of a change in the structure of their parte and not 
of decomposition, as it is in silver chloride. The silver chloride under 
the action of light changes in weight, which indicates the formation of 
a volatile product, and tho deposition of metallic silver on dissolving 
in ammonia shows the loss of chlorine. Tho change does actually 
occur under the action of light, but tho decomposition does not go 
To® far as into chlorine and silver, but only to the formation of a sub- 
chloride of silver, Ag 9 01, which is of a brown colour and m easily de- 
composed into metallic silver and silver chloride, Ag 2 01 « AgCl 4* Ag. 
This change of the chemical composition and structure of tho halogen 
salts of silver under tho action of light forms the basis of pictography, 
Imeauw the halogen compounds of silver, after having been exposed to 
light, give a precipitate of finely-divided silver, of a -black colour, 
when treated with reducing agents.™ 

solution of Ag-jF, obtained jtohjjluoritU of »ilverr t Ag»F, which in deoompOfHtfl by water 
Into AgF + Ag. it in aUo formed by Uu> action of a strong eolation of AgP upon Andy- 

divided (precipitated) silver. 

** Tb® ehwgtt brought about by tho action of light neooftwtnte distinguishing the 

photo-Mitt* of silver. 

* In photography theae aro called * developer®/ The nod common developer® are: 
solutions of format sulphate, pyrogtdlol, ferrous omkt®, hydroxylamine, potassium sul- 
phite, hydroquinone (the la»t acto pexUeularly well and is very convenient to ns©), &e. The 
chemical procetttiwi of photography are of grout practical and theoretical Interest ; but it 
would boimjKWiibknn this work to enter into tlite special branch of chemistry, which hasaa 


The insolubility of the halogen compounds of silver forms the 
basis of many methods used in practical chemistry. Thus by means qf 
this reaction it is possible to obtain salts of other acids from a halogen 
salt of a giyen metal, for instance, ItCl 2 + 2 AgN 0 3 = It(N ) a 4 * 2AgCL 
The formation of the halogen compounds of silver is very frequently 
used in thq' investigation of organic substances ; for example* if any 
product of m^fc&lepsis containing iodine or chlorine be heated with a 
silver salt or silver oxide, the silver combines with the halogen and 
gives a halogen salt, whilst the elements previously combined with the 
silver replace ibq halogen. For instance, ethylene dibromido, Cyi^Br* 
is transform^ into ethylene diacetate, C. i U 4 (0. i T£^0 ] |) :il and silver 

to consider corttun*ftppoet® of thin Huhjeet which are of a punier chemical interest, and 
t'«p©eially tho facta concerning tubchloriilc of diver, Ag 4 Cl (nm -N^ks IS), and the photo* 
iiUtw (Note *28). There ii no douht that under the action of light, AgCl ttoowntn darker 
in .colour, dooroaata hi weight, amt probably form® a mixture of AgCl, Ag 2 01» and Ag. 
But the isolation of the aabohluridn hot only been recently aooompUthtd by Olinta by 
means of the Ag a F, discovered by him (#«i Note *24). Many ehtmMs (and among them 
.Hodgklnson) assumed that an oxychloride ot silver mm formed by th« decomposition of 
AgCl under the action of light. Carey Lea'® (1HHP) and A, Rioburdtcxi’i (1H9X) experiments 
showed that the product furmod^doo® not, however, contain any oxygen at all, and the 
change in colour produced by tluv.action of light upon AgCl in moat probably duo to the 
formation of Ag a Cl. This imbalance wmi isolated by (Hints (1MU1) by piuming HC1 over 
crystal® of Ag. 4 P„ He also obtnhfed Ag-jl in a similar maimer by passing HI, and Ag$H 
by passing over Ag 8 F. Ag^Cl it§ beet prepared by the action of phosphors* fcri* 
dderide upon Ag^P, At Urn temperature of it® formation AgyCl ha» An easily elxMrguahle 
tint, with shades of violet red to violet black. Under the action of light a similar 
fldomoric) eubatanoo i« obtained, which split® up into AgCl 4* Ag when heated. With 
potassium cyanide Ag^Cl gives Ag+ AgCN + KC1, whence it is possible to calculate the 
heat of formation of Ag^Cl ; it«#S$ ; 7, whilst the heat of formation of AgCl «• ftP'S— i.o. the 
row^hm 2 AgCL*Ag a Cl + Cl correspond® to an absorption of 2H*7 major calories. If wo 
admit the formation of such a compound by the action of light, it in evident that the energy 
of the light in eommmod in the al«we reaction. Carey Ie*®( HUMS) iiubjoeted AgCl, Agllr, and 
Agl to u prctimm* (of oourno in the dark) of ;i,Ooa atmospheres, and to trituration with* 
water in a mortar, and ohworved a change of colour indicating incipient decomposition, 
which is facilitated under tho action of light by the mohmular current® net up (LmuieidofT, 
Egoroff). The duuugo of colour, of tho halogen en.lt a of silver under tho actum of light, 
and their faculty of aulmetjuontly giving a visible phot ographio image under the action of 
* developer®,* muni now be regarded a® connected with tho d©oompu«iU*m of AgX, lolling 
to the formation of Ag*X, and the different tinted pboto-**U* must he considered nu 
system* containing tuoh AggXIk* Carey Lie obtained photO'Salto of this kind not only by 
the action of light but also In many other ways, which wo will enumerate to prove that 
th©y contain the product! of an incomplete combination of Ag with the halogens, (for the 
salt* AgsjX must Ik regarded at, inch). Tho photo-salts have b mm obtained (1) hy the 
Imperfect chi urination of diver j {%) by tho incomplete diMompositfon of Ag a O or Ag?C( ><j 
by alternately heating and treating with a halogen acid ; (S) by tho notit m «*f nitric ucid 
or Na.jB.4O3 upon AgjCl ; (4) hy fixing a notation t»f AgNO« with the hydrates at Fell, 
MnO and CrO, and precipitating by HOI; {») by tlm notion of HOI upon the product 
Obtained by the reduction of aitrute of silver in hydrogtm (Note lh), ami («) by the action 
of mdh sugar upon AgNO* together with soda and afterward® aoidukting with HCh All 
Hint* Nsttm should lead to tho formation of product® of imperfect wmblnatlon with 
lh# halogens and gift photo-aidts of a similar diversity ©f colour to thaw pr«lue#d 



•Tbromidd by heating it with silver acetate, 2C 2 H 3 0 2 Ag. The insolubility 
of the halogen compounds of silver is still more frequently taken ad- 
vantage of in determining the amount of silver and halogen in a given 
solution. If it is required, for instance, to determine the quantity of 
chlorine present in the form of a metallic chloride in a given solution, 
a solution of silver nitrate is added to it so long as it gives a pre- 
cipitate. On shaking or stirring the liquid, the silver chloride easily 
settles in tho form of heavy Hakes. It is possible in this way to 
precipitate the whole of tho chlorine from a solution, without adding 
an excess of silver nitrate, since it can be easily seen whether the 
addition of a fresh quantity of silver nitrate produces a precipitate in 
the clea* liquid. In this manner it is possible to add to a solution 
containing chlorine, as much silver as is required for its entire precipi- 
tation, and to calculate the amount of chlorine previously in solution 
from tho amount of tho solution of silver nitrate consumed, if tho 
quantity of silver nitrate in this solution has been previously deter- 
mined. 35 The atomic proportions and preliminary experiments with 
a pure salt — for example, with sodium chloride — will give the amount 
of chlorine from the quantity of silver nitrate. Details of these 
methods will be found in works on analytical chemistry. 35 

w In order to determine when tho reaction, in at an end, a few drops of a solution 
of KjjCrO* are added to tho solution of tho chloride. Before all tho chlorine is procipitated 
ftu AgCl, tho precipitate (after shaking) is white (since Ag.jCr0 4 with 2BC1 gives SAgCl) ; 
but, when all the ohlormo is thrown down AgyCrO.j in formed, which colours tho precipi- 
tate reddish-brown. In order to obtain accurate results tho liquid should be neutral 
to litmus. 

to trt Silver cyanide, AgCN, is 'closely analogous to the haloid salts of silver. It is 
obtained, in similar manner to silver chloride, by the addition of potassium cyanide to 
silver nitrate. A white precipitate is then formed, winch is almost insoluble in boiling 
water. It it also, like silver chloride, insoluble in dilute acid®. However, it is dissolved 
when heated with nitric acid, and both hydriodio and hydrochloric acid® act on it, con- 
verting it into silver chloride and iodide. Alkalis, however, do not act on silver cyanide, 
although they act on the other haloid units of silver. Ammonia and solutions of the 
cyanides of tho alkali metals dissolves silver cyanide, as they do the chloride. In the 
latter case double cyanides arc formed— for example, KAgC fl Na. This salt is obtained in 
a crystalline state on evaporating a solution of silver cyanide in potassium cyanide. It 
is much more stable than silver cyanide itself. It has a neutral reaction, docs not 
clxango in the air, and does not smell of hydrocyanic acid. Many acids, in acting on a 
solution of this double salt, precipitate tho insoluble silver cyanide- Metallic silver dis- 
solves in a eolation of jietarnuum cyanide in tho presence of air, with formation of 
the »ama double salt and potassium hydroxide, and when silver chloride dissolve® in 
potemlum cyanide it forms potassium chloride, beside# tho wit KAgCaN^. This double 
salt of silver is used in silver plating. For this purpose potassium cyanide is added to 
its solution, a$ otherwise silver cyanide, and not metallic silver, is deposited by the 
electric current. If two electrodes— ono positive (s&wqv) and the other negative (copper)— 
bo immersed in such a solution, silver will bo deposited upon the latter, and the 
silver of tec positive electrode will be dissolved by tho liquid, which will tens preserve 
the fame amount of metal In eolation as it originally contained. If instead of the 


«*■' *«* * -.i+'-s*# .A 1+ Xm* i' ’ * $; < i,4 ,f < fa 

4w ' ' ' ~ 4 **«•** *-¥v^ 4 ## 4 «-,*<+. * * * > * 5 ‘ £ , 1 . ,«r 

'• *’** * *• *r«| « 4 | 4 >i 4 **#M»fc I** **, * 4 #« *■ * | * , * 

fc * 4 jr i «*t W 4 *f<| *'• HU ***# 1 # 4 * $***«.', * >.-4 

A# m*h**0»* #$*& *kb,» §# 4§m m*4A a*w*' ft * t* * t 

Jtv 4*4* ' 4 *fc*Mfi* #i*%**« A ***** W « |%SNl #4>-*r 

#'fe f , < v **' M " „ U ' #,* * *f><* *«« f»t t*4f»|«f | # #&, p 

* r / 1 • '*r*«’.K< »\t ** <1 »***• 4 *' > 4V*** 4 f t rt I >| 

*• '* v *-** * * **»:■ # J *' ' J 4 ' *** . !•*.#** 4 * , , p.s 


%%* *k*A #***'! t-i--4 *'%*’**** ** *««<«** *#*!»**■ ?:<*&;!' ■♦» ■£*?*, 1 *.. **.. 4, « >• .*<«* ; , t » WtV ,*■; 

t* |M #* fl* *# #f f *-**♦ * *M,t 5 ,» H <*-«.-* | «*.*** «*,■*» ♦ „»* „ 

***»*«• H* Mftfc «*»#** «fc** *•*«%**»«« ,* *&«*» 4 y** M A« 4M*-** 

«* ** *•*%*#» t» **«»£ m* mmm **w#kmtm 0*m « 


******* fHWWN^: **• «l» ♦•'»* »** %*W. 4 k *«4 4 . |M «M*i|&ft«ttilttt« 4 «Mv»«# »ft# 

p*’*’**** A m-‘-m»*- *faf- &*i* $*■■**#»&*( ¥^*»l **.♦#«• >t««« ** ».. : *-„v p 

'****** 4 *#'-'.* W '4 * M,^| '* 3 * «#»tM|t*«**' #.* -A** V»fHr 4 «»*» •»•# «i|i* (M,i v •.♦,♦,*. * , t || 

*i.i» .--tv. * *:rf«;-**** | ■**;*•■# i%>ifai''*'*-*"*le^;* •? • >-« «M 5 **»'***»» ? % ***#.•* .« i-l|.i-**| 

: #***'» %k H* •:***** «M <*5 »*- ••• »»• ^ 1 ».*»*,«-»*| > *»f * 41 ** «»!<:■*»«.**!.(»*►'♦* «( # 

%*■*#* «• «n **4 «m* *'»# 1 / tMlfcfP* i 1 ** mm 

#0mfa *mm 4 Ht mA mm 41 «§*#♦♦- #1** #1#^^* 

♦ m^0m»rn *# m$'*m *m*m%*. *+ mA*m* tmpmm ♦ A »u*m * 

*** * # mtrnMm* «r * #* ** i«4tf #^W 

f%**» # */ ^* 4 ^# * rli 1414 #^ ^mmum **m m, *&mm$ •$ mA 

mk*k m |< ♦«^**m *4 *« «h>ua* 4 » 

#». »«"W t ,»♦* « 4 "» ^* 4.4 mrn ***mf *m*4> ’J> m***' -<-»*f*um<>$ 

pf,*':**M>*i* ^->«< v* » v '!<••-. *»**1‘ m***- *-*A $rn^uifm 




* r. #«**- «4 ^ 4 * * -**’<• - -» . ** *■ - « ** » 4 f * ^ *‘4 - *.. 4 N , 4 ,„ * 

*&#&■ •**« i mm » ■+*..^■•1#*.$ *■ ,**+,*•*<.** #■;■*■*#**& 

m&^v* **rn ****** %*#»>mt> * #**#««.» ^» ( 4 m 1 .. 4 MK**. < 1 *^#. *■**, »**&•****#, JS Jf!# 

■#»., #># |r««* mm mmy* &*** %* m«* m*mm *« *t*m ****** #«** ■■**■ 

>%## -»*»«%«*»*» «m« ***■*#■ 

i«M» #i«si# l^w> ** rn¥ -mm* Mm. *mp**mi ^»«wn, ./ pt+mj. 

4# ’mmmS m *« #^ 4*4 44 S»*n* ««»%*#* < «.»« 

^ s *•' - ’* * -*'*•**«/ *‘*H»mp****m( *M 4 # *»*sHWM»* 444 i^,# * 44 » * M<m **■#■*#■ *»««*«*». 4 

» 4 «*»« «■#.»* ,» 4 . m.^'] 


•jf *P*m**<*''* 4* * »♦ «•* ♦« *fi*4 *i, M i 

#*«# #«* ~i*vH m 

•*%»» fa mm m*H M>» « MM 4 . 


# f 



t* %^'Jk $>%*» ' f 

* *'* - 1 ***£<* ftfp> # f # #**.%&; ** f rtl m 

*4. t 1 * •*** #is§> 4**ft.'ft<Wit t* M«*4 **»t %V, **4*<*i 

i * # < * v# TW *yHb*** * $» " #* f h4 %hd t i 

ts *n4 «w* <*c*I** \ i* ■* **,*1* * **■» **>* 1 * 

*if % -**4* 4 4 f * i * **»' - i* 5 ^ * * "*' 4 

|®> I'fcA .¥‘t4*-i- «fevf i* :jf --:v# 1> '*-*«■. ..^ V t*^* *. , I ' ' |5 

*. ,$ * , * " • ? ’/ *■*■■? » - «**• ’ * 4 - ^ *e « *. s, t » 

<* ' ' / „ ^ * » } T . I, ! ^ ,*4 ; »fi ill f I »# f |4 I 1 t * ":;5 

&■£ li*’*. 4 ^ *44 -#*4* £fe. ♦‘if# t* « **•$< * <# 

ti iui.*. 4^ MM ifti* n fc# 

|4*W INI# M&wf* **m| Hm» 4i§f*#%M prn$4mmm * 4 *L* f*»* 
ilUw^UM ♦«#* *» *i« i iil w «f «* %&•*$ ir#fi»4# «m^wnI t%*< •*#»« * 
j^iwl^l #«< *#. *,#4t%fj§i «iA 4 I |#wrr^ 

i»j|j(iA.'.^'*-^,. V'-*- -* % Si-i4 $• * ♦M^**** «4J> ■ *%!»# |*<*1*mN*! | !a#V; 

4KH#4 f# **& ,i-> ^*# 5 %ks,-. 4 *,.«*,« **|»1|, *4*4 *«*» 1|u<# *(*trM*.**i& %i&m fefc s ••• |.*. 

lit *» |^-'4:|.4rf «t| f t# **4 sat *S 

a *>£*** Afhc# I«4 m M**4 |M|M# *4 **H 

^Jr 4ai& MldfaiB# ig^il W-M 

M| *4*#%* wil 4 * MglM fM«#f 4 fMatfif gfflM* 

4 ¥t« i&-w» ^^i-4 

I## i$*t ’v *i^.' # . u% -4 il#* «4U; #€•:.!»« . 

Mi 4 § i». « «n,. • *»» i 4 rt #*~ * ■** «a. v - .»«. w i^i 

^► 4 -,-.,n. ♦ ^ 4 4 r «■<# - ^ w. «*,<*«• «-*a > 

m&*** ■■•»■' 4 •Mft'Mtfc *&t+v*^3* t%*4 

<y^<4« #%• «A4M4 4M «* #* m 

rnm^m rnm mm$ pt0*m *£ #w^ii *fc 

i|Mt l« fc? Mgi# 4 fH# mmrn 4 m 

M Mi Um* Ife# «IM MM 4 I## |4M 

M %m I# #apil 4 fiii tv 

■jLM^, ,<‘.* ■** MhM » fciN# •» 1 

,♦ . i - v i *. * *i- : . ^ *.« t* I <**§* 4 * % i «». 4 «isMi. fW m 4 mm #tp 

f/,; vJfel > • ,.|.r f ; 4 *..: *‘«« !*<*%: 4 V i\k * | |*M%i I #-4* < 

| ‘ 4,-j (i ... %.'■ *t %j.i ? «4 f «H *£>* 

*^.. ^ 5 « > v*-i K-...;-^ '-.? 4 . • VU .'. 5 i 4 , Ui» * <*J» « 

p- ‘ i 4 *I>W '«■•■*-*- » *»'•»»>■<_. ■•#.. V '■ *-4 ■*# 4|,*S **■<■>$? 

4 iM» 4 r. ♦*# ^ ■ 

M ««M %rn*^if 4 M 

.r^^-l #^- ^ %m p$#m 4 f «m 


»■ ^ 1 


Accurate ©xporiments, and more especially the rmarchea of 
Stm at Brussels, show the proportion in which silver reacts with 
metallic chlorides. 'These researches have led -to the determina- 
tion of the combining weights of silver, sodium, potassium, chlorine, 
bromine, iodine, and other elements, and are distinguished for their 
model exactitude, and w© will therefor© describe them hi some detail 
As sodium chloride is the chloride most generally used for the pre- 
cipitation of silver, since it can most easily bo obtained m a pure state, 
wo will her© cite the quantitative observations made by Stas for show- 
ing the co-relation between the quantities of chloride .of sodium and' 
silver which, react together. In order to' obtain perfectly pure sodium 

WiH !>o deposited in an mm coating ; this, indeed, form® tho mode of mlmr plating bg 
the wet method, which is mmt of ten imcHl ln practice. A solution of one part of elivor 
nitrate in SO to 50 parte of 'water, and mixod with a sufficient quantity of a solution of 
potaunSum cyanide te rodiasolvo the precipitate of ®Uvw ©yanid® formed give® a dull 
coating of silver, hut if twice m muck water bo uwd the mam mister® gives a bright 
coating. 

. Silver plating in the wot way has now replaced to a ©©nakleroblo oitant the old 
process of dry dlvoring, because thin prooss®, which oculists in di®»olvteg silver in 
mercury ami applying tin amalgam to tlm surface of the objects, tool then vaporising 
tho mercury, offtiro tlm groat disadvantage of the poisonous mercury fumes. Itouldca 
those, there is another method of silver plating, based on the direct displacement of 
silver from it® salts by other motels— for example, by copper. The copper reduots tho 
silver from its compounds, and tho silver separated b deposited upon tho copper* That 
a solution of silver chloride & sodium thiosulphate depoflte a coating of silver upon a 
strip of copper immersed in it It is best for this purpose to take pur® diver mlphits* 
This ii prepared by mixing a eolation of ailirer nitrate with an <meoom of ammonia, and 
adding a iaturoted solution of sodium sulphite and then alcohol, which precipitate® 
silve'r sulphite from the solution. The latter and its solution® ate very easily decomposed 
by copper. Metallic iron produces the same decomposition, and iron and steel articles 
may be very readily silver-plated by means of tin? thiosulphate solution of silver chlorite. 
Indeed, copper and similar metals may even In? silver* plate! by means of silver chloride | 
*1 tlm cldoride of silver, with a small amount of acid, lx? rubbed upon the surface of tho 
Copper, tin? latter becomes covered with a coating of silver, which it law reduced. 

Silver plating is not only applicable to metellio objects, but also to glow, china, 4c, 
Otew is «0v«d for various purposes— for example, glass globe® silvered internally «m 
rood for ornamentation, and have a mirrored surface. Common tooking-gloss silvered 
upon one ®id© formi a mirror which m better than tho ordinary ja^wnry mirrors, owing 
to tlm trow colour® of tho imago duo to tho whiten®®® of tho tdvtt. For optical In* 
sfcrumoiite—ter smunpU, telcaoopca— ooncav® mirrors or# now mad# of silv«?<sd gbuM* 
which ha® tost bstn ground and polished into tho required tertm . Pit of gkm 

h band cm tih® fact teat diver which is reduced from certain «oi utiemt dmgmim Itself uni- 
formly in aporisokly hcuaogSMOVS and continuous, but very thin layer, funning a bright 
reflecting surface. Certain organic substances have the property of reducing silvor in tbl® 
form. Thu bunt known among those or© curtain aldehyde®— ’for instance, ordinary 
acetaldehyde, CgH 4 0, which easily oxidises in the air and fonpn acetic mid, CgH^Of* 
This oxidation also cosily takes place at tho exponas of nil ver oxide, who** a ©artato amount 
®f ammonia i® added to the mixture. The oxide of silver give® up H* oxygon to tho 
tddchydi, and the sttvtr reduced from It is deposited in a metallic state to m uniform 
bright coating, Tho km action ii produced by ccsteto mmkmim s»b«teimei and 



chloride, ho took pure rock salt, containing onlja small quantity of 
magnesium and calcium compounds and a small amount of potassium 
salts. This salt was dissolved in water, and the -saturated solution 
evaporated by boiling. The sodium chloride separated out during the 
boiling, and the mother liquor containing the impurities was poured 
off. Alcohol of 65 p.c. strength and platinic chloride were added 
to the resultant salt, in order to precipitate all the potassium and 
a certain part of the sodium salts. The resultant alcoholic solution, 
containing the sodium and . platinum chlorides, was then mixed with a 
solution of pure ammonium chloride in order to remove the platinic 
chloride. After this precipitation, the solution was evaporated in a 
platinum retort, and then soparate portions of this purified sodium 
chloride were collected as they crystallised. The same salt was pro 
pahxi from sodium sulphate, tartrate, nitrate, and from the platino- 
ohipride, in ordof to have sodium chloride prepared by different methods 
and from different sources, and in tiffs manner ten samples of sodium 

f orido thus prepared wore purified and investigated in their relation 
silver. After being dried, weighed quantities of all ten samples 
sodium chloride were dissolved in water and mixed with a solution 
I nitric acid o$ a weighed quantity of perfectly pure silver. A 
slightly greater quantity of silver was taken than would be required 
for the decomposition of the sodium chloride, and when, after pour- 
ing in all the silver solution, the silver chloride had settled, the 
amount of silver remaining in excess was determined, by means of a 
solution of sodium chloride of known strength. This solution of 
sodium chloride wp added so long as it formed a precipitate. In this 
manner Stas determined how many parts of sodium chloride eorre- 
©pond to 100 parts by weight of silver. The result of ten determina- 
tions was that for the entire precipitation of 100 parts of silver* 
from 54*2060 to 54*$093 parts of sodium chloride were required. The 
difference is so inconsiderable that it has no perceptible influence 
on the subsequent calculations. The mean of ten experiments was 
that 100 parts of silver react with 54*2078 parte of sodium chloride. 
In order to learn from this the relation between the chlorine and 
silver, it was necessary to determine the quantity of chlorine contained in 
54*2078 parte of sodium chloride, or, what is the same thing, the quantity 
of chlorine which combines with 100 parte of silver. For this purpose 
Stas mad© a series of observations on the quantity of silver chloride 
obtained from 100 parts of silver. Four syntheses were mad© by him 
for this purpose. The first synthesis consisted in the formation of 
silver chloride by the action of chlorine on silver at a red heat. This 


132*843 of silver Chloride. The second method consisted in dissolving 
a given quantity of silver in nitric acid and precipitating it by means' 
of gaseous hydrochloric acid passed over the surface of the liquid ; the 
resultant mass was evaporated in the dark to drive off the nitric acid 
and excess of hydrochloric add, and the remaining silver chloride was 
fused first in. an atpaospherp of hydrochloric add gas and then in aif. 
In thfc process the silver chloride was not washed, and therefore there 
could be no loss from solution. Two experiments mad© by this 
method allowed that 100 parte of silver give 132*849 and 182*846 
parts of silver chloride. A third series of determinations was alio 
made by precipitating a solution of silver nitrate with a certain 
excess of gaseous hydrochloric acid. The amount of silver chloride 
obtained was altogether 182*848. Lastly, a fourth determination was 
made by precipitating dissolved silver with a solution of ammonium 
chloride, when it was found that a considerable amount of silver 
(0*3175) had passed into solution in the washing; for 100 parts 
of silver there was obtained altogether 132*8417 of silver chloride* 
Thus from the mean of seven determinations it appears that 100 
parte of silver give 132*8445 parte of silver chloride— that is, that 
32*8445 parte of chlorine arcs able to combine with 100 parte of 
silver and with that quantity of sodium which is contained in 
54*2078 parte of sodium chloride. These observations ©how that 
82*8445 parti of chlorine combine with 100 parte of silver and 
•with 21*3633 part* of sodium. From those figures expressing the 
relation between the combining weights of chlorine, silver, and sodium, 
it would be possible to determine their atomic weights— that is, the 
combining quantity of these dements with respect to on© part by 
weight of hydrogen or 16 parte of oxygen, if there existed a .series of 
similarly accurate determinations for tho reactions between hydrogen 
or oxygon and one of these elements— chlorine, sodium, or silver. If 
wo. determine tho quantity of silver chloride which la obtained from 
silver chlorate, AgC10 a , we shall know tho relation between the 
combining weights of silver chloride and oxygon, so that, taking the 
quantity of oxygen as a constant magnitude, we can Imm from this 
reaction the combining weight of diver chloride, and from tho preced- 
ing numbers the combining weights of chlorine * wad silver. For this 
purposo it was first necessary to obtain pur© silver chlorate. This 
Bias did by acting on silver oxide or carbonate, suspended in water, 
with gaseous chlorine. 20 

’ m Vtaptamomenon which then kites place h deserikHl by Bias m fotttms, in 4 manner 
vAUk in perfect in it» riMtmcsa ami accuracy : if silver oxide or carbonate be snapm*^ 



The decomposition of the silver chlorato thus obtained was accom- 
plished by the action of a solution of sulphurous anhydride on 
it. The salt was first fused by carefully heating it at 244°. The solution 
of sulphurous anhydride used was one saturated at 0°. Sulphurous 
anhydride in dilute solutions is oxidised at the expense of silver 
chlorate, even at low temperatures, with great ease if the liquid be 
continually shaken, sulphuric acid “and silver chloride being formed : 
AgC10 3 + 3SO a + 31 I a O= AgCl 4* 3H a S0 4 . After decomposition, the 
resultant liquid was evaporated, and the residue of silver chloride 
weighed. Thus the process consisted in taking a known weight of 
silver chlorate, converting it into silver chloride, and determining 
the weight of the latter, the analysis conducted in this manner gave 
the following results, which, like the preceding, designate the weight 
in a vacuum calculated from the weights obtained in air : In the 
first experiment it appeared tlmt 138*7890 grams of silver chlorato 
gave 103*9795 parts of silver chloride, and in the second experiment 

is converted into chloride, just as is the ease with oxide or carbonate o! mercury, 
and the water then contains, besides the excess of chlorine, only pure hypoohlorous 
acid without the least trace of chloric or chlorous acid. If a stream of chlorine bo 
passed into water containing an ewotm of tuilver omdo or silver carbonate while the 
liquid ii continually agitated, the reaction is th© same as the preceding; tilver 
chloride and hypoohlorous acid arc formed. But this acid docs not long remain in a froo 
state : it gradually acts on the silver oxide and gives silver hyptwhlorito, i,c. AgClO. 
If, after some time, the current of chlorine bo stopped but the ahakiug continued, 
Hie liquid loses its characteristic odour of hypochlorous acid, white preserving it© 
energetic decolourising property, because the silver hypochlorite which is formed is easily* 
soluble in water. In the presence of an excess of silver oxide this salt can bo kept for 
several days without decomposition, but it is exceedingly unstable when no excess of 
diver oxide or carbonate it protect, Bo long as the solution of silver hypochlorite is 
shaken up with the diver oxide, it preserves its transparency and bleaching property, 
but directly it is allowed to stand, and th© diver oxide settles, it becomes rapidly cloudy 
and deposits large flakes of silver chloride, so that the black silver oxide which had 
settled becomes covered with the white precipitate. Th© liquid then lose® its bleaching 
properties and contains silver chlorate, Le. AgQ10 3 > in solution, which has a slightly 
alkaline reaction, owing to the presence of a small amount of dissolved oxide. In this 
manner the reactions which arc consecutively accomplished may be expressed by the 
equations : 

flCl* I HAg.p * ail,/) - AAgCl + 01IC1O ; CHCIO + 3Ag tt O « 8H 2 0 +bAgC10 ; 

OAgCIO « 4AgCl + SAgClOj. 

nonce, Htan gives tbe following method for the preparation of silver chlorate : A slow 
current of chlorine in caused to act on oxide of silver, suspended in water which is kept 
in a state of continual agitation. The shaking is continued after the supply of chlorme 
ha§ been stepped, in order that the free hypochlorous acid should pass tote silver 
hypochlorite, and the resultant solution of the hypochlorite I® drawn off from th© 
sediment of th© excess of silver oxide. This solution decomposes spontaneously tote 
silver chloride and chlorate. The pure silver chlorate, AgG10 3 , docs not change under 
th© action of light. The mdi is prepared for further use by drying it to dry air at 150°. 
It is mmeitHtury during drying to prevent the access of any organic matter ; this is don© by 


that 259-5287 grams of chlorate gave 194*44515 gram® of silver 
chloride, and after fusion 194*4435 grams. The mean result of both 
experiments, converted into percentages, shows that 100 parts of silver 
chlorate contain 74*9205 of silver chloride and 25-0795 part® of oxygen, 
-from this it is possible to calculate the combining weight of silver 
chloride, because in the decomposition of silver chlorate there are 
obtained three atoms of oxygon and one molecule of silver 
phtorid© ; AgOlOg *» AgCl 4- 30, Taking the weight of an atom 
of oxygen to bo 10, we find from the moan result that the equi- 
valent weight of silver chloride is equal to 143*395. Thus if Os® 10, 
AgClss 143*395, and ae the preceding experiments show tfiat silver 
‘chloride contains 32*8445 parts of chlorine per 100 parts of silver, 
the. weight of the atom of silver xnust bo 107*94 and that 
of chorine 85*45 The weight of the atom of sodium m determined 
from the fact that 21*3633 parts of sodium chloride combine with 
82*8445 parts of chlorine ; consequently Na=®23*05. This conclusion, 
arrived at by the analysis of silver chlorate, was verified by meant 
of the analysis of potassium chlorate by decomposing it by heat 
and determining the weight of the potassium chloride formed, and alsd 
by effecting the same decomposition by igniting the chlorate in a 
stream of hydrochloric acid. The combining weight of potassium 
chloride was thus determined, and another series of determinations 
confirmed the relation between chlorine, potassium, and silver, in the 
jWme manner as "the relation between sodium, chlorine, and silver was 
determined above. Consequently, the combining weights of sodium, 
chlorine, and potassium could be deduced by combining these data with 
the analysis of silver chlorate and the synthesis of silver chloride. The 
agreement between the results showed that the determinations mad# 
by the last method were perfectly cornet, and did not depend in any 
considerable degree on the methods which were employed in the pre- 
ceding determinations, as the combining weights of chlorine and silver 
obtained were the same m before. There was naturally a difference, 
but so small a one that it undoubtedly depended on the mmm inciden- 
tal to every process of weighing and experiment. The atomic weight 
of silver was ako determined by Stas by means of the synthesis of 
Silver sulphide and the analysis of silver sulphate. The combining 
weight obtained by this method woe 107*920. The synthesis of silver 
iodide and the analysis of silver iodato gav© the figure 107*928. The 

***** Tb$ rmnlta givm by BU$* determinations imvo meatfly bma mmlmUM 
oiertaewm coweetumu hm b@e» Introduced. W e gtw m the context the avttmg* mmM of 
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synthesis of silver bromide with the analysis of silver bromate gave the 
figure 107 '921. The synthesis of silver chloride and the analysis of 
silver chlorate gave a mean result of 107*937. Hence there is no 
doubt that the combining weight of silver is at least as much as 107*9 
— greater than 107*90 and less than 107*95, and probably equal to the 
mean « 107*92. Stas determined the combining weights of many other 
elements in this manner, such as lithium, potassium, sodium, bromine, 
chlorine, iodine, and also nitrogen, for the determination of the 
amount of silver nitrate obtained from a given amount of silver 
give® directly the combining weight of nitrogen. Taking that 
of oxygen as 16, he obtained the following combining weights 
for these elements : nitrogen 14*04, silver 107*93, chlorine 35*46, 
bromine 79*95, iodine 126*85, lithium 7*02, sodium 23*04, potassium 
39*15. Those figures differ slightly from those which are usually 
employed in chemical investigations. They must be regarded as the 
result of the best observations, whilst the figures usually used in 
practical. 'chemistry are only approximate— are, so to speak, round 
numbers for the atomic weights which differ so little from the exact 
figures (for instance, for Ag 108 instead of 107*92, for Ha 23 instead 
of 23*04) that in ordinary determinations and calculations the 
difference falls within the limits of experimental error inseparable from 
such determinations. 

The exhaustive investigations conducted by Stas on the atomic 
weights of the above-named elements have great significance in 
the solution of the problem as to whether the atomic weights of the 
elements can be expressed in whole numbers if the unit taken be tko 
atomic weight of hydrogen. Front, at the beginning of this century, 
stated that this was the case, and held that the atomic weights of the 
element® are multiples pf the atomic weight of hydrogen. The subse- 
quent determinations of Berzelius, Fenny, Marohand, Marignao, Dumas, 
and more especially of Stas, proved this conclusion to be untenable ; 
since a whole series of elements proved to have fractional atomic 
weight®—* for example, chlorine, about 35*5. On aooount of this, 
Marignac and Dumas stated that the atomic weights of the elements 
are expressed in relation to hydrogen, either by whole numbers 
or by numbers with simple fractions of the magnitudes £ and J; But 
BW® researches Mate this supposition also. Even between the com- 
bining weight of hydrogen and oxygen, there is not, so far as is yet 
known, that simple relation which is required by . Proud's hypothesis?* 


10 Tina hypothesis, for the establishment or refutation of which bo many researches 
have been made, in exeeedlnalv Imoartsmt, ami fall v deserves the attention whioh has 



4,e,, taking Ot=> 16, the a'tdmia weight of hydrogen is equal* not to 1 but 
to a greater number somewhere between 1*002 and 1*008 pr mean* 

be expressed ip. whole numbers with reference to hydrogen, or if they at least proved to 
•be commensurable with one another, than it could bo affirmed with confidence that the 
elements, with all their diversity, were formed of one materia] condensed pr grouped in 
various manners into the stable, and, under known conditions, undocomposabl© groups 
which we call the atoms of the elements.. At first it was supposed that all the elements 
were nothing else but condensed hydrogen, hut when it appeared that the atomic weights 
of the dements oould not bo expressed in whole numbers in relation to hydrogen, 
it was still possible to Imagine the existence of a certain materiel from which both hydro- 
gen and all the other elements wore formed. If it should transpire that four atoms of this 
material form an atom of hydrogen, then the atom of chlorine would present itself at 
consisting of 149 atoms of. this substance, tho weight of whose atom would be equal to 
0*95. But in this case' the atoms of all the elements should be "expressod in whole 
numbers with respect to tho weight of the atom of this original material. Lot us sup- 
pose that the atomic weight of this material is equal to unity, then all the atomic weight® 
should be expressible in whole numbers relatively to this unit. Thus the atom of on© ele- 
ment, let us suppose, would weigh m, and of another n t but, as both m and n must be 
whole numbers, it follows .that the atomic weights of all Urn elements would be commen- 
surable. But it I® sufficient to glance over the results obtained by Stag* and to be 
assured of their accuracy, especially for silver, In order to entirely destroy, or at least 
atrongly undermine, this attractive hypothesis. Wo must therefore refuse our assent to the 
doctrine of the building up from a single substance of the elements knqwn to us. This 
hypothesis is not supported either by any known transformation (for one element has never 
been converted into another element), or by the commensurate I ity of the atomic weights 
of tho elements. Although the hypothesis of the formation of all tho elements from a 
single substance (for which Crookes has suggested Urn name protyle) is most attractive 
In its comprehensiveness, it can neither be denied nor accepted for want of sufficient data, 
Marigaoo endeavoured, however, to overcome Stas*® conclusions a» to the incommensu- 
rability oft the atomic weights by supposing that in his, as in tho determinations of all 
other observers, there wore unperceived errors which were quite independent of tho mode 
of obftorvation~~for example, silver nitrate might be supposed to be an unstable substance 
which changes, under the heatings, evaporations, and other processor to which it is sub* 
jsetod in the reactions for tho detorminatitm of the combining weight of sil ver. It might 
bfi supposed, for instance, that silver nitrate contains some impurity which cannot be 
removed by any means; it might also be supposed that a portion of the elements of tho 
nitric acid are disengaged in the evaporation of the solution of silver nitrate (owing to the 
decomposing action of water), and in its fusion, and that wo have not to deal with normal 
silver nitrate, but with a slightly basic salt, or perhaps an excess of nitric acid which 
cannot be removed from the salt. In this case the observed combining weight will not 
refer to an actually definite chemical compound, f>ut to some mixture few which there 
do#® not exist any perfectly exact combining relations. Marignao uphold® this projamltlon 
by th# fact that tho concluaimn* of Stas and othor observers respecting tho combining 
weight® dotormined with th# greatest exactitude very nearly agree with th# prepetition 
of th# oommenaarabilifcy of th# atomic weights— for example, tho combining weight of 
silver was shown to h# pqual to 107*08, so that It only differs by 0*08 from th# who!# 
number 108, which is generally accepted for silver. Tim combining weight of Iodine 
proved to be equal to 19fi*8B— that is, it differs from 1*47 ley 0*15. The combining weights 
of sodium, nitrogen, bromine, chlorine, and lithium are still nearer to the whole or round 
numbers which are generally accepted. But Marignuo’a prejxsiitioM will hardly bear 
oritidsm. Indeed if we express tho combining weights of the elements d«t#rmln#d by 
Sta® in relation to hydrogen, th# approximation of these weight# to whole number* 
dteappe&ra, because on# part of hydrogen in reality dona not combine with Id parts of 
esyf^but with 18*99 parts, and therefore wo shall obtain, taking H » 1, not the atmvt*. 



1 003. Such a conclusion arrived at hy direct experimen^oaimot but 
b© regarded as having greater weight than Prout’s supposition 
(hypothesis) that the atomic weights of the elements ate in multiple 
proportion to each other, which would gh e reason for surmising (but not 
asserting) a complexity of nature in the elements, and their com- 
mon origin from a single primary material, and for expecting their 
mutual conversion into each other. All such ideas and hones must 

removed from whole numbers. Besides which, if Marignac's proposition wero true the 
combining weight of silver determined by one method— e.g, .by thq analysis of silver 
chlorate combined with the synthesis of silver chloride— would not agree well "with the 
combining weight determined by another method— &g. by means of the analysis of silver 
iodate and the synthesis of silver iodide. If in one case a basic salt could be obtained, 
in the other code on acid salt might be obtained. Then the analysis of the add salt 
would give different results from that of the basic salt. Thus Marignao’s arguments 
oonuot serve as a support for the vindication of Proufc's hypothesis. 

In conclusion, I think it will not bo out of place to cite the following passage from a 
paper I road before the Chemical Society of London in 1889 (Appendix II.), referring to 
the hypothesis of the complexity of the elements recognised in chemistry, owing to the 
fact that many have endeavoured to apply tho periodic law to the justification of tin® 
idea 'dating from a remote antiquity, When it was found convenient to admit the existence 
of many gods but only on© matter. 

4 When we try to explain tho origin of the idea of a unique primary matter, we easily 
trace that, in the absence of deductions from experiment, it derives its origin from tho 
sciontifioally philosophical attempt at discovering some kind of unity in the immense 
diversity of individualities wliich we see around. In classical times such a tendency 
could only be satisfied by conceptions about tho immaterial world. As to the material 
world, our ancestors were compelled to resort to some hypothesis, and they adopted the 
idea of unity in the formative material, because they were not able to evolve the concep- 
tion of any other possible unity in order to connect the multifarious relations of matter. 
Responding to the same legitimate scientific tendency, natural science has discovered 
throughout the universe a unity of plan, a unity of forces, and a unity of matter ; and 
the convincing conclusions of modem science compel every one to admit these kinds of 
unity. But while we admit unity in many tilings, we none the less must also explain 
the individuality and the apparent diversity winch we cannot fail to traoe everywhere. 
It was said of old “ Give us a fulcrum and it will became easy to displace the earth." 
So also we must say, "Give us something that is individualised, and the apparent 
diversity will be easily understood." Otherwise, how could unity result in a multitude 

4 After a long and painstaking research, natural science has discovered the individu- 
tlitiot of tho chemical elements, and therefore it is now capable, not only of analysing, 
but also of synthesising ; it can understand and grasp generality and unity, as well a® 
tho individualised and multifarious. Tho general and universal, like time and space, like 
force and motion, vary uniformly. The uniform admit of interpolations, revealing every 
intermediate phase; but the multitudinous, tho individualised— such as ourselves, or the 
chemical elements, or tho members of a peculiar periodic function of the elements, or 
Dalton's multiple proportions— is characterised in another way. Wo see in it— side by 
aide with a genera! connecting principle— leaps, brooks of continuity, points which escape 
from the analysis of the infinitely small— an absence of complete intermediate Jihka. 
Chemistry has found m answer to the question as to tee causes of multitude®, and while 
retaining the conception of many elements, all submitted to the discipline of a general 
law, it offers an escape from tho Indian Nirvana— the absorption in tee universal— re- 
placing it by tec individualised. However, th# place for individuality is so limited by 
tho all- growing. all«tx>werfal universal, that it is merely a point of support for the under* 



now, thanks more especially to Stas, bo placed in a region void of any 
experimental support whatever, and therefore not subject to the dis- 
cipline of the positive data of science. 

Among the platinum metals ruthenium, rhodium, and palladium, 
by their atomio weights and properties, approach silver, just as iron, 
and its analogues (cobalt and nickel) approach copper in all respect®. 
Gold stands in exactly the same position in relation to the heavy 
platinum metals, osmium, iridium, and platinum, as copper and 
silver do to the two preceding scries. The atomio weight of gold is 
nearly equal to their atomic weights ; 28 it is dense like these metals. 
It also gives various grades of oxidation, which are feeble, both ha 
a basic and an acid sense. Whilst near to osmium, iridium, and pla- 
tinum, gold at the same time is able, like copper and silver, to form 
compounds which answer to the typo EX— that it, oxides of the compo- 
sition K a O. Cuprous chloride, CuCl, diver chloride, AgCl, and aureus 
chloride, AuCl, are substances which are very much alike in their 
physical and chemical properties , 58 bl# They are insoluble in water, 
but dissolve in hydrochloric acid and ammonia, in potassium cyanide, 

88 It might be expected from tho periodic law mu! analogies with the series iron, cobalt, 
mokel, copper, *inc, that tho atomic weights* of the elements of tho series osmium, 
iridium, platinum, gold, mercury, would vine in this order, and at tho time of the esta- 
blishment of tho periodic law (1669), tho determinations of Benetius, Boas, and others 
gave the following values for tho atomio weights ; Os • SIX), Ir*»l97» Pt*»198, Au«10ft, 
Hg »S00. The fulfilment of the expectations of the periodic law fa# given in tho first 
place by the freah determinations (Beubert, XHttmar, and Arthur) of tho atomio weight of 
platinum, which proved to bo nearly 19ft, if 0 * 1ft (as Marignao, Brauner, and others 
propose) ; in tho second place, by tho fact that Bm*h«.*rfc proved that the atomio weight of 
osmium is really lens than that of platinum, and approximately 0»^191 ; and, in the 
third place, by tho fact that after the researches of KrUstt, Thorpe, anti Laurie there was 
no doubt that, tho atomic weight of gold is greater than that of platinum namely, 
nearly 11 ) 7 . 

m l,t * In Chapter XXII., Note 40, wo gave tho thermal data for certain of tho com* 
pounds of copper of tho type CuX 3 ; we will now cite certain data for tho cuprous 
compounds of thu type CuX, which present an analogy to thu corresponding eoiujmunda 
AgX and AuX, some of which were investigated by Thomsen in Ids classical work, 
* Thermochemiiiche TIntermmhungon ’ {Vol. iii., IBBg), The data arc given in thu same 
manner as in tho above-mentioned note ; 
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Thus wo mo in tho first place that gold, winch po ummmm a much smaller affinity than Af , 
evolve® far loss heat than an equivalent amount of copper, giving the wrw compound, and 
In the second place that the combination of copper with one atom of oxygen disiAjgagee 
there heat than its combination with one atom of a halogen, whilst with silver the reverse 
■ Is the <m$* This It connected with tiro fact that C«|0 is tmm stable under th# action 



sodium thiosulphate, <fcc. J ust as copper forms a link betwee 
metals and zinc, and as silver unites the light platinum n 
cadmium, so also gold presents a transition from the heavj 
metals to mercury. Copper gives saline compounds of the < 
and CuX 2 , silver of the type AgX, whilst gold, besides com 
the type AuX, very easily and most frequently forms those < 
AuC 1 3 . The compounds of this type frequently pass into th 
lower type, just as PtX 4 passes into PtX 2 , and the same is 
in tho elements which, in their atomic weights, follow gold, 
gives HgX 2 and HgX, thallium gives T1X 3 and T1X, 
PbX 4 and PbX 2 . On the other hand, gold in a qualitati 
differs from silver and copper in the extreme ease with which i 
pounds are reduced to metal by many means. This is not oi 
plished by many reducing agents, but also by the action of he 
its chlorides and oxides lose their chlorine and oxygen wh< 
and, if tho temperature be sufficiently high, these elements a 
expelled and metallic gold alone remains. Its compounds, 
act as oxidising agents. 20 

In nature gold occurs in the primary and chiefly in quart 
and especially in quartz veins, as in the TJrala (at Bore 
Australia, and in California. The native gold is extracted : 
rocks by subjecting them to a mechanical treatment coi 
crushing and washing. 29 Nature has already accomplishes 

w Heavy atoms and molecules, although thoy may present many points o 
more easily isolated ; time although, like G 2 H 4 , it combines with I 

similar composition, yet reacts with much greater difficulty than CaH*, and in 
bios gold ; the heavy atoms and molecules are, so to say, inert, and already 
’themselves. Gold in its higher grade of oxidation, Au a 0 5 , presents feeb 
peril©® and weakly-developed acid properties, so that this oxide of gold, A 
referred to the class of feeble acid oxides,, liko platinic oxide. This is not t h 
highest known oxides of copper and silver. But in the lower grade of oxid 
oxide, Au a O, gold, like diver and copper, presents basic properties, althoi 
not very pronounced. In this respect it stands very close in its propert 
not in its types of combination (AuX and AuXg), to platinum (PtX^ and I 
analogues. 

Ad yet the general chemical characteristics of gold and its compounds h 
fully investigated. This is partly due to the fact that very few research! 
undertaken on the compounds of this metal, owing to it® inaccessibility 
In large quantities. Ah tho atomic weight of gold is high (Au*»197), tho p 
Its compounds requires that it should be taken in large quantities, wh; 
obstacle to its being fully studied. Hence the fact® concerning the history 
mo rarely distinguished by that exactitude with which many foots have bee: 
concerning other dements more accessible, and long known in use. 

Bonitadt (1872) showed that eoa water, besides diver, always o 
Munster (1892) showed that th© water of th© Norwegian fiords contains c 
grams of gold per ton (or 6 milliard tha)— i.e a quantity deserving practical a 
X think it may be already said that, considering th© immeasurable amount 


disintegration of tho hard rocky matter containing gold . 10 These dis- 
integrated rocks, washed by rain and other water, have formed gold- 
bearing deposits, which aro known as alluvial gold deposit*. Gold- 
bearing soil is sometimes met with on the surface and sometimes under 

bringing it into contact with eubstancoe capable of depositing gold ujxm their imrfaoo. 
Tho first efforts might bo mafic upon the extraction of fait from sea water, and an tho 
total amount of sea water maybt taken m about 2,000,000,000,000,000,00c) ton®, it follows 
that it contain® about 10,000 million ton® of gold. Tho yearly production of gold , is atemt 
SCO ton® for tho whole world, of which about on© quarter is extracted In Eassi*. ft it 
supposed that gold is dissolved in aoa water owing to tho presence of iodides, which, undo* 
the action of animal organisms, yield free Iodine. It i® thought (as Professor Konova- 
lo£t mentions in hi® work upon 1 The Industries of tho United Btete®/ 1804) that 
iodine facilitate® tho solution of the gold, and the organic matter it® precipitation. 
These facts and considerations to a certain extent explain the distribution of gold in 
veins or rock fissure®, chiefly filled with quarts, !>eoau*c there is mifiMimt remum for 
supposing that those rock® once formed the ocean bottom. E. Dmitri®, and nubse- 
quontly Wilkinson, showed that organic matter— for instance, cork— atul pyrites are able 
to precipitate gold from its solutions in that metallic form and state in which it occur® 
in quarto veins, where (especially in the deeper parts of vein deposits) gold is frequently 
found on the surface of pyrites, chiefly arsenical pyrites. Kasantseft (in Ekaterinburg, 
1891) even supposes, from tho distribution of the gold in these pyrites, that it occurred 
in solution as a compound of sulphide of gold and sulphide of anemic when it jienetnitad 
•into the veins. It i® from such considerations that the origin of vein and pyritic gold 
fa, at the present time, attributed to the reaction of solution® of this metal, the remains 
of which aro seen in the gold still present in mm water. 

#> However, in recent times, especially since about 1870, whew chlorine (either* as a 
solution of tho gas or as bleaching powder) and bromine began to he applied to the extrac- 
tion, of finely-divided gold from poor ores (previously roasted in order to drive oil arsenic 
and sulphur, and oxidise the iron), tho extraction of gold from quarto and pyrites, 
by the wot method, increase® from year to year, and begins to equal the amount 
extracted from alluvial deposits. Since the nineties toe mjmiida proem* (Chapter 
XIX L, Note 18 bis) has taken an important place among too wet methods for 
extracting gold from its ores. It consist* in pouring a dilute solution of cyanide of jmiiu*. 
siuni (about 500 part® of water and 1 to 4 parts of cyanide of potiwmum per 1,000 parts 
of ore, too amount of cyanide deluding iqnm the richness <»f tho ore) and a mixture 
Of it with NaCN, (®m Chapter XXII., Note 19) over the crushed ore (which need nut be 
roasted, whilst roasting is indispensable in the chlorination proceus, as otherwise the 
chlorine is used up in oxidising tho sulphur, arsenic, &«.) Tho gold in dmeoived 
very rapidly oven from pyrites, where it generally twtura on the surface in such 
fine and adherent parted©® that it either cannot te» mechanically washed away, or, 
more frequently ii carried away by the stream of water, and cannot \m caught by 
mechanical meant or by the mercury used for catching the gold in the sluices. 
Chlorination had already given the possibility of extracting toe fluent particles of gold ; 
but the cyanide procett mtMm such pyrites to bo treated m could to mwmlj worked 
by other means. The treatment of toe crushed ore by tho KCN is carried on in simple 
wooden vat® (coated with paraffin or tar) with the greatest poeslbls rapidity (in order that 
toe KCN solution should not have time to change) by a method of systematic llxlvlatlmi, 
and is completed in 10 to 19 hour®. The resultant solution of gold, containing AuK(CNte 
ii decomposed cither with freshly-made sine filing® (but when the gold Hetties m» too 
Zn, the cyanide solution react* upon the 7a with the evolution of ll 4 and formation of 
!W0^Ot) or by sodium amalgam prepared at the moment of roaeliou by tho action of m 
electric current upon a solution of NallO poured into a vessel partially Immewsed In 
mercury (the NoON ft renewed continually by this means). The silver in tot ore prnun® 


the upper soil, but more frequently along the banks of drii 
courses and "running streams. The sand of many riv< 
however, a very Small amount of gold, which it is not ] 
work i for example, that of the Alpine rivers contains 5 pj 
in 10,000,000 parts of sand. The richest gold deposits ; 
Siberia, especially in the southern parts of the Government c 
the South Urals, Mexico, California, South Africa, an 
and then the comparatively poorer alluvial deposits of ma 
(Hungary, the Alps, and Spain in Europe). The extrac 
gold from alluvial deposits is based on the principle of lev 
earth is washed, while constantly agitated, by a strea: 
which carries away the lighter portion of the earth, anc 
coarser particles of the rock and heavier particles of the g< 
with certain substances which accompany it, in the washin 
The extraction of this washed gold only necessitates me 
pliances, 31 and it is not therefore surprising that gold wo 
savages and in the most remote period of history. It some 
in crystals belonging to the rogular system, but in the maj< 

S1 Bat tlio particles of gold v are sometimes so small that a largo amom 
the washing. It is thon profitable to have’ recourse to the oxtrao.tion 1 
KCN (Note 80), 

In speaking of the extraction of gold the following remarks may 
place : 

In California advantage is taken of water supplied from high altiti 
have a powerful head of water, with which the rocks are directly was! 
avoiding the greater portion of the mechanical labour required for the 
these deposits. 

The last residues of gold are sometimes extracted from sand by wat 
mercury, which dissolves the gold. The sand mixed with water is cause 
contact with mercury during the washing. The mercury is then distillec 

Many sulphurous ores, even pyrites, contain a small amount of gold, 
gold with bismuth, BiAu a , tellurium, AuT% (o&lverite), &o., have been 
rarely. 

Among the minerals which accompany gold, and from which the prose 
bo expected, we may mention white quarts, titanic and magnetic iron on 
following, which are of rarer occurrence : zircon, topaz, garnet, and such 
eentrated gold washings first undergo a mechanical treatment, and tl 
obtained in treated for pure gold by various methods. If the gold ©ontah 
amount of foreign metals, especially lead and copper, it is sometimes cup< 
so that the oxulumblo metals may be absorbed by the cupel in the form < 
©very ease the gold is ohthinod together with silver, because the latter n 
oxidised. Sometimes the gold is extracted by means of mercury, that is 
Hon (and the mercury subsequently driven off by distillation), or by s 
lead (which ii afterwards removed by oxidation) and processes like tho$ 
the extraction of silver, because, gold, like silver, does not oxidise, is di 
and mercury, and is non-volatile. If .copper or any other metal con tail 
employed as an anode, pure copper will be deposited upon the eathod 
gold will remain at the anode as a slime. Tins method often amply r< 
u. iwjftu YtfumW raid. a rmro electrolytic cm 


in nuggets or grains of greater- or less magnitude. It always contain® 
silver (from very small quantities up to 30 p.c., when it is called 
* electrum ’) and certain other metals, among which lead and rhodium 
are sometimes found. 

The separation qf the silver from gold is generally carried on with 
great precision* as the presence of the silver in the gold does not 
increase its value for exchange, and it can be substituted by other 
less valuable metals, so that the extraction of the silver, as a precious 
metal, from its alloy with gold, is a profitable operation. This 
separation is conducted by different methods. Sometimes the argenti- 
ferous gold is melted in crucibles, together with a mixture of common 
salt and powdered bricks. The greater portion of the silver is thus 
converted into the chloride, which fuses and is absorbed by the slags, 
from which it may bo extracted by the usual methods. The silver is 
also extracted from gold by treating it with boiling sulphuric acid, 
which does not act on the gold but dissolves the silver. But if the 
alloy does not contain a large proportion of silver it cannot be extracted 
by this method or at all events tho separation will bo imperfect, and 
therefore a fresh amount* of feilver is added (by fusion) to tho gold, in 
sucta quantity, that the alloy contains twice aa much silver as gold. 
The silver which ie added is preferably such no contains gold, which is 
very frequently the case. The alloy thul formed is poured in a thin 
stream into water, by which means it is obtained in a granulated 
form ; it is then boiled with strong sulphuric acid, three parts of 
acid being used to one part of alloy. The sulphuric acid extracts 
.all the silver without acting on tho gold. It is best, however, to* 
pour off the first portion of tho acid, which has dissolved the silver, 
and then treat the .residue of still imperfectly pure gold with a fresh 
quantity of sulphuric acid. Tho gold is time obtained in the form 
of powder, which is washed with water until it in quite free from 
silver. Tho silver is precipitated from tho solution by moans of 
copper, so that cupric sulphate and metallic diver are obtained. This 
i process is carried out in many countries, as in Russia, at tie Oovern- 
1 ment mints. 

Gold is generally used alloyed with copper 5 since pure gold, 
like pure silver, is very soft, and therefore soon worn away. In 
assaying or determining the amount of pure gold in such an alloy 
it is usual to add silver to tho gold in order to make up an alloy 
containing three parte of silver to one of gold (this is known a* 
quotation because tho #dioy contains | of gold), and the resultant 
alloy is treated with nitric acid. If tho silver be not la excess over 
the gold, it is not all dissolved by tho nitric add, and fckk is tkexmsoii 



for th© quartation. The amount of pur© gold (assay) is deter min ed by 
weighing th© gold which • remains after this treatment. English gold 
(= 22 carats) coinage is composed of an alloy containing 91*66 p.o. of 
gold, but for many articles gold is frequently used containing a larger 
amount of foreign metals. 

Pure gold may bo obtained from gold alloys by dissolving in aqua 
oregift, and then adding ferrous sulphate to the solution or heating it 
with a* solution of oxalic acid. These deoxidising agents reduce the 
gold, but not tho othor metals. The chlorinh combined with the gold- 
then acts like free chlorine. The gold, thus reduced, is precipitated as 
an exceedingly fine brown powder. 31 ^ It is then Washed with water, 
and fused with xiitro or borax. Pure gold reflects a yellow light, and 
in th© form of vbry thin sheets (gold leaf), into which it can be 
hammered and rolled, 31 trl it transmits a bluish-green light. The 
specific gravity of gold is about 19*5, the sp. gr. of gold coin is about 
1 7*1. It fuses at 1090°— -at a higher temperature than silver — and can 
be drawn into exceedingly fine wires or hammered into thin sheets. 
With its softness and ductility, gold is distinguished for its tenacity, 
and a gold wire two millimetres thick breaks only under a load of 68 
kilograms. Gold vaporises even at a furnace heat, and imparts a 
greenish colour to a flame passing over it, in a furnace. Gold J alloys 
with copper almost without changing its volume. 32 ' In its chetqical 

m hu BdioUllindor (180U) obtained gold in a soluble colloid form (the solution is violet) 
by tho action of a mixture of solutions of cerium oootato .and NaHO upon a solution of 
AuC 1 3 . Tho gold separates out from such a solution in mootl/tho some manner m Ag- 
dew from tho solution of colloid, silver mentioned- above. * Thor© always remains a 1 
certain, amount of a higher oxido of cerium, OeO& la the, solution— 4.e, the gold is 
reduced by converting 4h© cerium into a higher grad© Of oxidation. Besides „whioh 
Krlls* and Hofmann showed that sulphide of gold precipitated by the -action of HgS upon 
a solution of AuK.Cy a mixed with HOI easily pasaea into a coUoid,yolutIon after being 
properly washed (like CuB, &©., Chapter I., Not© 57). 

*> *'« Ctold-laaf is used for gilding .wood (leather, cardboard, and suchlike, upon whioh 
It It glued by moans of varnish, 4a)» and is about 0*008 millimetre thick. It is obtained 
from thin sheets (weighing at first about k ff^a. to a square inch), rolled between gold 
rollers, by gradually liammering them (In paokots ©f a number at once) between sheets 
of moist (but not wet) parchment, and then, after cutting them into four pieces, between 
a specially prepared membrane, -which, when at tho right degree of moisture, does not 
tow or stick together under th© blows of tho hammer. 

85 Tho formation of the alloys Cu + Zn, Cu+Sn, Cu-f-Bi, Cu + Sb, Pb + Sb, Ag+Pb, 
Ag* Bi\ Au) 7»n, AiH* Bn, 4a, h accompanied by a eohtraotion (and ©volution of heat). 
The formation of Hit tlloys Po+Sb, Pe + Pb, Cu+Pb, Pb + 8n, -Pb+Sn, Pb+Sb, 
Jto+fih, Ag+Co, Au-t-Cu, An + Pb, takes place with a certain increase In volume. 
With regard to tht alloys of gold,' it may bo mentioned that gold is only slightly 
filttsolvitt! by mercury (about 0*08 p*a, I>udtey, 1000) ; th© remaining portion forms a 
granular alley, whose oompositlon hm not been definitely determined. Aluminium (and 
•Ulecm) also have the capacity of forming idloye with gold. The presence of a ©mall 
amount of aluminium lower® tho molting point of gold considerably (Eoberts*Austen, 
100ft) ; thus the addition of i p.a of aluminium lowers it by 14°*28, tho addition of 10 p.o. 



aspect, gold presents, as is already seen from its general characteristics 
given above, an example of the so-called noble metals — ■».«. it is 
incapable of being oxidised at any temperature, and its oxide is 
decomposed when calcined. Only chlorine and bromine combine 
directly with it at the ordinary temperature, but many other metals 
, and non-metals combine with it at a red heat — for example, sulphur, 
phosphorus, and arsenic. Mercury dissolves it with great ease. It 
dissolves in potassium cyanide in the presence of air; a .mixture of 
sulphuric acid with nitric acid dissolves it with the aid of heat, 
although in small quantity. It is also soluble in aqua regia and in 
eelenic acid. Sulphuric, hydrochloric, nitric, and hydrofluoric acids 
and the caustic alkalis do not act oh gold, but a mixture of hydro- 
chloric acid with such oxidising agents os evolve chlorine naturally 
dissolves it like aqua regia. 32 

As regards the compounds of gold, they belong, as was said 
above, to the types AuX 3 and AuX. Auric chloride or gold tri- 
chloride, AuCl 3 , which is formed when gold is dissolved in aqua regia, 
belongs to the former and higher of those types. The solution of this 
substance in water has a yellow colour, and it may bo obtained pure by 
evaporating the solution in aqua regia to dryness, but not to the point 
of decomposition. If the evaporation proceed to the point of crystal- 
lisation, a compound of gold chloride and hydrochloric acid, AuHC 1 4> is 
obtained, like the allied compounds of platinum ; but it easily parts 
with the acid and leaves auric chloride, which fuses into a red* brown 
liquid, and then solidifies to a crystalline mass. If dry chlorine lie 
passed over gold in powder it forms a mixture of aureus and auric 
chlorides, but the aureus chloride is also decomjvosed by water into 
gold and auric chloride. Auric chloride crystallises from its solutions 
as AuCl 3l 2H u O, which easily, loses water, and the dry chloride loses 
two-thirds of its chlorine at 185°, forming aureus chloride, whilst 

Al by 41°*7. The latter alley is white. Tho alloy AuAi* hat* a characteristic purple 
colour, and its molting point it 89P*# above that of gold, which shown it to tm a daflutto 
compound of die two metal*. Tho molting points of alloys dehor in A) gradually 1*11 
to 060°— that is, Mow that of aluminium (66S°). 

Heyooek and Neville (1HU3), in studying the triple alloys of An, Cd, sad 8n, observed! 
a tendency in the gold to give compounds with Od, and by scaling a mixture of Au and < VI 
m a tube, from which the air had hmn exhausted, and heating it, they obtained e groy 
crystalline brittle definite alloy AuGd. 

Calderon (1S92), at the request of somo jnwellern, Investigated tho emmo of » 
peculiar alteration sometimes found on tho surface of diuwhgnld article**, there upi»earittg 
brownish and blackish spot®, which widen arid alter their form in course of I into. II# 
owm to the conclude® that these spots arc dm to the appearance and development of 
peocte xotoo-orgsnhRns. (Aspergillus niger and Micrococcus cimbtrtus) on ftha gold, 
sports of which wore found in abundance on tho cotton-wool in which tbs gidd oitiato 
had beau kept. 



above 800° the latter chloride also loses its. chlorine and leaves 
metallic gold. Aurio chloride is the usual form in which gold occurs in 
solutions, and in which its salts are used in the arts and for chemical 
purposes. It is soluble in water, alcohol, and ether. Lighjt has a reduc- 
ing action on these- solutions, and after a time metallic gold is deposited 
upon the sides of vessels containing the solution. Hydrogen when 
nascent, and even in a gaseous form, reduces gold from this solution 
to a metallic state. The reduction is more conveniently and usually 
effected by ferrous sulphate, and in general by the action of ferrous 
aalts. 35 

If a solution of potassium hydroxide be added to a solution of auric 
chloride, a precipitate is first formed, which re-dissolves in an excess of 
the alkali. On being evaporated under the receiver of an air-pump, 
this solution yields yellow crystals, which present the same composition 
as the double salts AuMCl 4 , with the substitution of the chlorine by , 
oxygon --that is to say, potassium aurate, AuKO a , is formed in crystals 
containing 3H u O. The solution has a distinctly alkaline reaction. 
Auric oxide, Au 2 0 3 , separates when this alkaline solution is boiled with 
'an excess of sulphuric acid. But it then still retains some alkali ; how- 
ever, it may bo obtained in a pure state as a brown powder by 
dissolving in nitric acid and diluting with water. The brown powder 
decomposes below 250° into gold and oxygen. It is insoluble in water 
and in many acids, but it dissolves in alkalis, which shows the acid 
character of this oxide. An hydroxide, Au(OH)„» may be obtained as a 
brown powder by adding magnesium oxide to a solution of auric chlo- 
ride and treating the resultant precipitate of magnesium aurate with 
nitric acid. This hydroxide loses water at 100°. and gives auric oxide. 34 

Btsnncwi chloride a§ a reducing agent also acts on aurio chloride, and gives a red 
precipitate known as purple of damns. This substance, which probably contains a 
mixture or compound of aureus oxide and tin ©side, is used as a red pigment for china 
*nd glass. Oxalic add, on heating, reduces motallio gold from its salts, and this property 
may \m taken advantage of for separating it from its solutions. The oxidation which 
then takes place in the presence, pf water may bo expressed by the following equation : 
HAuOb I 8C„I I„0 4 . • $Uu 4* 0HC1 + 6CO t . Nearly all organic substances have a reducing 
action on gold, and solutions of gold leaVo a violet stain on the skin. 

Aurio chloride, like platinio chloride, is distinguished for its clearly-developed 
property of forming double salts. These double Balts, as a rule, belong to the type 
AuMCI*. The compound of aurio ^chloride with hydrochloric acid mentioned above 
evidently Wongs to the name type. The compounds SKAuCl^BHaO, NaAuC] 4) 2H 2 0, 
AwNl^CbiHfO, Mg'AuGU*»*H t O, and the like are easily crystallised in well-formed 
crystal* Wolfs, Wheeler, and Ikmfleld (189$) obtained KbAuCb (reddish yellow) and 
CaAttCf* (golden yellow), and corresponding bromides (dark eoloured). AuBr s is ex- 
tremely like the chloride. Aurio cyanide is obtained easily in the form of a double salt 
of pdtasaitttn, KAu(CK) 4 , by mixing saturated and hot solutions pf potassium cyanide 
with auric chloride and then cooling. 

mi v« .. yvf A.nrio chloride, it forma a vollow nrednitata 


The starting-point of the compounds of the typ© AuX 15 is gold 
'nwnochloride or aureus chloride , AuCl, which is formed, as mentioned 
above, by heating aurio chloride at 185°. Aarons chloride forms a 
yellowish -white powder ; this, when heated with water, is decomposed 
into metallic gold and auric chloride, which passes into solution * 
3 AuCl aa And* 4 . 2Au. This decomposition is accelerated by the action 
of light. Heno© it is obvious that the compounds corresponding with 
auroua oxide are comparatively unstable. But this only refers to the 
simple compounds AuX ; some of the complex compounds, on the 
contrary, form tho most stable, compounds of gold. Such, for ox- 
ample, is the cyanide of gold and potassium, AuK(CN)m, It is formed, 
for instance, when finely-divided gold dissolves in the presence of 
air in a solution of potassium cyanide: 4I£CN + h’Au + II a O + O 
c=s 2KAu(CN) 2 -f 2KIIO (this reaction also proceeds with solid pieces 
of gold, although very slowly). Tho same compound is formed in 
solution when many compounds of gold are mixed with potassium 
cyanide, because if 'a higher compound of gold be taken, it is reduced 

of th® no-called fulminating gold, which contains gold, chlorine* hydrogen, nitrogen, 
and oxygon, hut its formula i® not known with certainty. It i» probably a sort of am- 
TOonio-rnetallio compound, AuaO^iNHs, or amid© (like tho mercury compound). Thin 
precipitate explode® at 140°, but when left in th© presence of solution® containing am- 
monia it loses all it® ©Morin© and become® non-explosive. In this form the composition 
AtitO^SNHjnIIaO U ascribed to it, but this ft uncertain. Auric sulphide, Au*j% it 
obtained by th© action of hydrogen sulphide on a solution of auric chloride, and alto 
directly by fusing sulphur with gold. It lias an add character, and therefore dissolve® 
in sodium and tunmonipm sulphides. 

33 Many double salt® of suboxido.of gold belong to th© typo AuX—for instance, the 
cyanide corresponding to the typ© AoKXj, like PlK^X*, with which wo becamoacquamted 
in th© last chapter. Wo will ©numerate several of tho representative® of tin® ©loan of 
compounds. If anric chloride, AuClj, be mixed with a solution of sodium thiosulphate, 
th© gold passe® into a colourless solution, which deposit® colourless crystal®, con- 
taining a double thiosulphate of gold and sodium, which are easily soluble in water 
but are precipitated by alcohol. Tho composition of this salt is N a^ Au (*V > 8 ) 3 ,a I f />. “ 
If th® sodium thiosulphate bo represented m NaS a O*Na, tho double salt in question 
will be AnNofSuOsNaJfciH^O, according to tho typo AuNaX§. The solution of thia 
colourless and cosily ©rystMlisabl© salt hm a sweet taste, and th© gold i» not aeporsAad 
from It cither by ferrous sulphate or oxalic add. This salt, which is known as Foritet 
and Q*Wi soft, It tisod in modidno and photography In general, auicus oxide 
exhibit® a diotinct inclination to th© formation of similar double salts, as we mm Ms# 
with example, it form® similar salts with sulphurous mid. Thus if a solution 

sodium sulphite b® gradually added to a solatium of oxide of gold In sodium 
hydroxide, th© precipitate at first formed lo-dissolvet to a ©oJourlemi solution, which 
contains the double salt Ni^AafSOj)* « AuNa(8( )^Nu)*> Tho solution of this imlt* 
when mixed with barium chloride, first forms a imwipUate of barium sulphite, end 
Snared barium double salt which corresponds with the above sodinin ®§dt. 

The oxygen compound ©I the type AnX, auntm oxide, AnjO, is obtained a# a greenish 
vtolet powier m mixing auroui chloride with potiiitium ©Morid© in th© cold. With 
hydrochloric «A§d this oxide give® gold mid auric cldorltK cud mbm htated rt mmkf 
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COPPER, SILVER, AND COLD 

% the potassium cyanide into attrous oxide, which dissolves in potas- 
sium cyanide, and forms KAu(CN} 2 . This substance is soluble in 
water, and gives a colourless solution, which can be kept for a long 
time, and is employed in electro-gilding — that is, for coating other 
metallic objects with a layer of gold, which is deposited if the object 
be connected with the negative pole of a battery and the positive pole 
consist of a gold plate.* When an electric current is passed between 
them, the gold from the latter will dissolve, whilst a coating of gold 
from the solution will be deposited on the object* 
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AN ATTEMPT TO APPLY TO CHEMISTRY ONE OP THE 
PRINCIPLES OP NEWTON'S NATURAL PHILOSOPHY 

By PBOFESSOB MENDELfiEFF 


A LECTURE DELIVERED AT THE ROYAL INSTITUTION pF GREAT BRITAIN 
ON FRIDAY, MAY 81, 1889 

Nature, inert to tho eyes of the ancients, has boen revealed to ns as full of 
life and activity, The conviction that motion pervaded all things, which was 
first realised with respect to the stellar universe, has now extended to the 
unseen world of atoms. No sooner- had tho human understanding denied to 
tho earth a fixed position and launched it along its path in space, than it was 
sought to fix immovably tho sun and tho stars. But astronomy has demon- 
strated that tho sun moves with unswerving regularity through the star- sot 
Universe at the rate of about 50 kilometres per second. Among tho so-called 
fixed stars are now discerned manifold changes and various orders of move-' 
ament. Light, heat, electricity— like sound— have boen proved to ho modes 
of motion; to tho realisation of this fact modem science Is indebted for 
fmwen which have been used with such brilliant success, and which have been 
expounded m clearly at this lecture table by Faraday and by hie successors. 
As, In the Imagination of Dante, the invisible air become peopled with spiritual 
being®, so before the eyes of earnout investigators, and especially before those 
of Clerk Maxwell, tho invisible mass of gases became peopled with particles : 
their rapid movements, their collisions, and impacts became so manifest that 
it ace mod almost possible to count tho impacts and determine many of 
tho peculiarities or laws of their collisions. Tho fact of tho oxistonco of 
those invisible motions may at once bo made apparent by demonstrating tho 
difference In the rate of diffusion through porous bodies of tho light and 
rapidly moving atoms of hydrogen and tho heavier and more sluggish par* , 
tide* of alt 1 . Within the masses of liquid and of solid bodies we have been 
forced to acknowledge the existence of persistent though limited motion of 
their ultimate particles, for otherwise it would be impossible to explain, for 

*!.» A*. Atfftiut/vrt fYvrAncpK Unnlrt 


molecular motion in solid bodies, could tho famous Spring bav© “hoped to 
attain any Result by mixing carefully-dried powders of potash, saltpetre and 
sodium acetate, in order to produce, by pressure, a chemical reaction between 
these substances through the interchange of their metals, and have derived, 
for the conviction of the incrodulous, a mixture of two hygroscopic though 
solid salts— -sodium nitrate and potassium acetate ? 

In these invisible and apparently chaotic movements, reaching from tho 
stars to the minutest atoms, there reigns, however, a harmonious order which 
is commonly mistaken for completo rest, but which is really a consequence 
of the conservation of that dynamic equilibrium which was first discerned 
by the genius of Newton, and which has been traced by his successors in the 
detailed analysis of tho particular consequences of tho groat generalisation, 
namely, relative immovability in the midst of universal and active movement. 

But tho unseen world of chemical changes is closely analogous to tho 
visible world of heavenly bodies, since our atoms form distinct portion® 
of an invisible world, as planets, satellites, and comets form distinct portion® 
of the astronomer’® universe ; our atoms may therefore be compared to tho 
solar systems, or to the systems of double or of single stars : for example, 
ammonia (NH 3 ) may be represented in the simplest manner by supposing 
the sun, nitrogen, ‘Surrounded by its planets of hydrogen ; and common salt 
(NaCl) may be lookod on as a double star formed of sodium and chlorine. 
Besides, now that the indestructibility of the elements has been acknow- 
ledged, chemical change® cannot otherwise be explained than as change® of 
motion, and the production by chemical reaction® of galvanic currents, of 
light, of heat, of pressure, or of steam power, demonstrates visibly that the 
processes of Chemical reaction are inevitably connected with enormous though 
unseen displacements, originating in the movements of atoms in molecule®* 
Astronomers and natural philosophers, in studying tho visible motions of tho 
heavenly todies and of matter on tho earth, have -understood and have esti- 
mated the value of this storo of energy. But tho chemist has had to pursue 
a contrary course. Observing in tho physical and mechanical phenomena 
which accompany chemical reactions tho quantity of energy manifested by 
tho atoms and molecules, ho is constrained to acknowledge that within tho 
molecules there exist atoms in motion, endowed with an energy which, like 
matter itself, is neither being created nor capable of being destroyed. There- 
fore, in chemistry, we must seek dynamic equilibrium not only between tho 
molecule®, but alto in their midst among their component atom®. Many 
condition® of such equilibrium have been determined, but much remains to bo 
done, and it i® not uncommon, oven in these day®, to find that some ehemkte 
forget that there it- the possibility of motion in tho Interior of molecule®, and 
therefore represent them m being in a condition of death-like inactivity, 
Chemical combinations toko place with so much ©mo and rapidity, 
poises® so many special characteristic®, and are so mmwrouH, that their sim- 
plicity and order were for a long time hidden from investigator®. Sympathy, 
relationship, all tho caprice® or all tho fancifulnes® of human intereouree, 
©earned to have found complete analogic® In chemical combination®, but with 
this difference, that the cliaracteristios of the material •ttbetftsoei"""'SQbh m 
iilvcr, for example, or of any other body— remain unchanged In ever? tub* 


division from the largest masses to the smallest particles, and consequently 
these characteristics must he properties of the particles. But the world of 
heavenly luminaries appeared equally, fanciful at man’s first acquaintance 
with it, bo much so, that the astrologers imagined a connection between the 
individualities of mon and the conjunctions of planets. Thanks to the genius 
of Lavoisier and of Dalton, man has been able, in the unseen world of che- 
mical combinations, to recognise laws of the same simple order as those 
which Copernicus and Kepler proved to exist in the planetary universe. Man 
discovered, and continues every hour to discover, what remains unchanged 
in chemical evolution, and how changes take place in combinations of the 
unchangeable. He has learned to predict, not only what possible combina- 
tions may take place, but also the very existence of atoms of unknown elemen- 
tary substances, and has besides succeeded in making innumerable practical 
application® of his knowledge to the groat advantage of his race, and has 
accomplished this notwithstanding that notions of sympathy and affinity 
still preserve a strong vitality in seionco. At present wo cannot apply 
Newton’s principles to chemistry, because the soil is only being now prepared. 
The invisible world of chemical atoms is still 'waiting for tho creator of che- 
mical mechanics. Nor him our ago is collecting a mass of materials, the 
inductions of well-digested facts, and many-sided inferences similar to those 
which existed for Astronomy and Mechanics in the days of Newton. It is 
well also to remember that Newton devoted much time to chemical experi- 
ments, and while considering questions of celestial mechanics, persistently 
kept in view the mutual action of those infinitely small worlds which aro 
concerned in chemical evolutions. For this reason, and also to maintain tho 
unity of laws, it seems to mo that wo must, in tho first instance, seek to 
harmonise the various phases of contemporary chemical theories with the 
immortal principles of tho Newtonian natural philosophy, and bo haston the 
advent of true chemical mechanics. Lot tho above considerations serve as 
tny justification for the attempt which I propose to make to act as a champion 
of the universality of tho Newtonian principles, which I believe are com- 
potent to embrace every phenomenon in the universe, from the rotation of 
Ac fixM star* to the interchanges of chemical atom®. 

In the first place I consider it indispensable to bear in mind that, up to 
quite wont time®, only a one-sided affinity has been recognised in chemical 
reactions. Tims, for example, from the circumstance that red-hot iron de- 
composes water with the evolution of hydrogen, it was concluded that oxygen 
had a greater affinity for iron than for hydrogen. But hydrogen, in presence 
of red hut irun scale, appropriates its oxygen and forms water, whence an 
exactly opposite conclusion may bo formed. 

During tho lost ten years a gradual, scarcely perceptible, but most 
Important change has taken place in the views, and consequently in tho 
rMutirohWf of chemist®. They have sought everywhere, and have always, 
found, systems of conservation or dynamic equilibrium substantially similar 
to those which natural philosophers have long since discovered in the visible 
world, and in virtue of which the position of the heavenly bodies in the 
tmivomi h determined. There where one-sided affinities only woro at first 
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which are diametrically opposite ; yet among theso, dynamical equilibrium 
establishes itself not by excluding one or other of the forces, but regulating 
thorn all. So the chemist finds • in the flame of tho blast furnace, in tho 
formation of every salt, and, with especial clearness, in double salts and in 
the crystallisation of solutions, not a fight ending in tho victory of one side, 
as used to be supposed, but tho conjunction of forces; tho peace of dynamic 
equilibrium resulting from tho action of many forces and allinithss. Car* 
bonaceous matters, for example, burn at the expense of the oxygen of the 
air, yielding a quantity of heat, and forming products of combustion, in 
which it was thought that the affinities of tho oxygen with tho combustible 
eloments wore satisfied. But it appeared that tho heat of combustion W as 
competent to decompose these products, to dissociate tho oxygon from tho 
combustible elements, and thoroforo to explain combustion fully it is neces- 
sary to take into account the equilibrium between opposite reactions, between 
those winch evolve and those which absorb heat. 

In tho same way, in tho case of tho solution of common salt in water, it 
is necessary to take into account, on tho one hand, the formation of compound 
particles generated by tho combination of salt with water, and, on the other, 
the disintegration or scattering of tho new particles formed, m well as of 
those originally contained. At present wo find two currents of thought, 
apparently antagonistic to each other, dominating tho study of solutions : 
according to tho one, solution seems a more act of building up or association ; 
according to tho. other, it is only dissociation oV disintegration. The truth 
lies, evidently, between these views ; it lies, as I have endeavoured to prove 
by my investigations into aqueous solutions, in tho dynamic equilibrium of 
particles tending to combine and also to fall asunder. Tho largo majority of 
chemical reactions which appeared to act victoriously along one line have 
been proved capable of acting as victoriously even along an exactly opposite 
line. Elements which utterly decline to combine directly may often be 
formed into comparatively stable compounds by indirect mean®, as, for ex- 
ample, in tho case of chlorine and carbon ; and consequently the sympathies 
and antipathies which it was thought to transfer from human relations to 
those of atoms should bo laid aside until the mechanism of chemical rela- 
tions is explained. Lot us remember, however, that chlorine, which done not 
form with carbon tho chloride of carlnm, is strongly absorbed, or, us it were, 
dissolved, by carbon, which leads us to suspect incipient chemical action even 
In an external and purely surface contact, and involuntarily given rise to 
conceptions of that unity of tho forces of nature which has boon so ener- 
getically insisted on by Sir William Grove and formulated in hl» famous 
paradox. Grove noticed that platinum, when fused in the oxyhydrogea 
flame, during which operation water h formed, when allowed to drop into 
water decomposes the latter and produces tho explosive oxy hydrogen mixture. 
The explanation of this paradox, as of many others which arose during the 
period of chemical , renaissance, has led, in mir time, to the promulgation by 
Henri Sainte-Claire Beviile of the conception of dissociation mat of oqtiilb 
brium, and has recalled tho teaching of BorthnUot, which, notwithstanding iff 
briSMaat confirmation by Heinrich Rose and Dr, Gladstone, had not, up to 
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_ Chemical equilibrium m general, and dissociation in particular, are now 
being so fully worked out in detail, and supplied in suoh various ways, that I 
do not allude to them to develop, but only use them as examples by which 
to indioate the correctness of a tendency to regard chemical combinations 
from points of view differing from those expressed by the term hitherto ap- 
propriated to define chemical forces, namely, * affinity.’ Chemical equilibria, 
dissociation, the speed of chemical reactions, thermochemistry, spectroscopy, 
and, more than all, the determination of the influence of masses and the 
search for a connection between the properties and weights of atoms and 
molecules— -in one word, the vast mass of the most important chemical re- 
searches of the present day — clearly indicate the near approach of the time 
when chemical dootrines will submit fully and completely to the doctrine 
which was first announced in the Princijpia of Newton. 

In order that the application of these principles may bear fruit it is evi- 
dently insufficientr to assume that statical equilibrium reigns alone in chemical 
systems or chemical molecules: it is necessary to grasp the conditions of 
possible states of dynamical equilibria, and to apply to them kinetic prin- 
ciples. Numerous considerations compel us to ronounce the idea of statical 
equilibrium in molecules, and the recent yet strongly- supported appeals to 
dynamic principles constitute, in my opinion, the foundation of the modem 
teaching relating to atomicity, or the valency of the elements, which usually 
forms the basis of investigations into organic or carbon compounds. 

This teaching has led to brilliant explanations of very many chemical 
relations and to cases of isomerism, or the difference in the properties of 
substances having tho same composition. It has been so fruitful in its many 
applications and in tho foreshadowing of remote consequences, especially 
respecting carbon compounds, that it is impossible to deny its claims to bo 
ranked as a groat achievement of chemical science. Its practical application 
to tho synthesis of many substances of tho most complicated composition 
entering into tho struoturo of organised bodies, and to tho creation of an un- 
limited number of carbon compounds, among which the colours derived from 
coal tar stand prominently forward, surpass the synthetical powers of Nature 
itself. Yet this teaching, as applied to the structure of carbon compounds, 
is not on the face of it directly applicable to the investigation of other ele- 
ments, because in examining tho first it is possible to assume that the atoms 
of carbon have always a definite and equal number of affinities, whilst in the 
combinations of other elegnonts this is evidently inadmissible. Thus, for 
example, an atom of carbon yields only one compound with four atoms of 
hydrogen and one with four atoms of chlorine in the molecule, whilst ,tho 
atoms of chlorine and hydrogen unite only in tho proportions of one to one. 
Simplicity in horn evident, and forms a point of departure from which it is 
®aay to move forward with firm and secure tread. Other elements ar© of a 
different nature. Phosphorus unites with’ three and with five atoms of 
chlorine, and consequently tho simplicity and sharpness of th© application of 
structural conception! arc lost. Sulphur unites only with two atoms ot 
hydrogen, but with oxygen it outer® into higher orders of combination, Tho 
periodic rolatuuudiip which exists among all the properties of the elements— 
iimmnle. as their abilitv to enter into various combinations — and 


their .Atomic weights, indicate that this variation in atomicity is subject to 
one perfectly exact and general law, and it is only carbon and its near 
analogues which constitute cases of permanently preserved atomicity. It is 
impossible to recognise as constant and fundamental properties of atoms, 
powers which, in substance, have proved to be variable. But by abandoning 
the idea of permanence, and of the constant saturation of affinitios—that is 
to say, by acknowledging the possibility of free affinities— many retain a 
comprehension of the atomicity of the elements * under given conditions ; * 
and on this frail foundation they build up structures composed of chemical 
molecules, evidently only because the conception of manifold affinities gives, 
at once, a simple statical method of estimating the composition of the most 
complicated molecules. 

I shall enter neither into details, nor into the various consequences follow- 
ing from these views, nor into the disputes winch have sprung up respecting 
them {and relating especially to the number of isomeridoa possible on the 
assumption of free affinities), because the foundation or origin of theories of 
this nature suffer® from the radical defect of being in opposition to dynamics. 
The molecule, as even Laurent expressed himself, is represented m an archi- 
tectural structure, the style of which is determined by the fundamental 
arrangement of a few atoms, whilst the decorative details, which lira capable 
of being varied by the same forces, aro formed by the element*; entering into 
the combination. It is on this account that the term * structural ' is go appro- 
priate to the contemporary views of tho above order, and that the 1 struc- 
turalists * seek to justify tho tetrahodric, plane, or prismatic disposition of 
the atoms’ of carbon in benzene. It is evident that Hi© consideration rotates 
io tho statical position of atoms and molecules and not to their kinetic rela- 
tions. The atoms of the structural typo are like tho lifeless pieces on 6 chess 
board : they aro endowed but with the voices of living beings, and aro not 
those living being® themselves ; acting, indeed, according to laws, yet each 
possessed of a store of energy which, in tho present state of our knowledge, 
panel be taken into account. 

In tho day® of Hatty, crystals wen* considered in the same .statical and 
structural light, but modern crystallographers, having became mere tho- 
roughly acquainted with their physical properties and their actual formation, 
have abandoned tho earlier views, and have made their doctrines dependent 
on dynamics. 

Tho immediate object of .this lecture in to show that, starting with 
Newton’s third taw of motion, it is possible to preserve to chemistry all tho 
advantages anting from structural teaching, without being obliged to build 
up molecules in solid wad motionless figures, or to ascribe to Atoms definite 
limited valencies, direction* of cohesion, or affinities. Tho wide extent of 
the subject obliges me to treat only a small portion of it, namely «f mMtiiu- 
Horn, without specially considering combination! and cteenmpu^tiona, and 
even then limiting myself to the simplest examples, which, hn waver, will 
throw open prospects embracing all tho natural complexity of chemical rela* 
tons* For this reason, if it should prove possible to form groups simitar, for 
«■** H toH* or CH* m tho remnants of molecules CH* or CJO* we shall 



®wo parts* 11* * H 0 or CH 4 + Ho, us soon as they are even temporarily formed, 
and are incapable of separate existence* and therefore can take no part In 
the elementary act of substitution- With respect to the simplest molecules 
tvhich we shall select— that is to say, those of which the parts have no sepa- 
rate existence, and therefore cannot appear in substitutions— we shall con* 
eider them according to tho periodic law, arrangingthemin direct dependence 
on the atomic weight of the elemonts. 

Thus, for example, tho molecules of tho simplest hydrogen compounds— 

IIP H*0 H a N H 4 <5 

hydrofluoric acid water ammonia methane 

correspond with elements tho atomio heights of which decrease consecutively 

F » 19, 0 - 10, N - 14, O « 12, 

Neither the arithmetical order (1, 2, 8, 4 atoms of hydrogen) nor the total 
Information wo possess respecting tho elemonts will permit us to interpolate 
Into this typical series one more additional element; and therefore we have 
hero, for hydrogen compounds, a natural baso on which are built up those 
simple chemical combinations which wo take os typical. But even they ard 
competent to unite with each other, as wo see, for instance, in the property 
which hydrofluoric acid has of forming a hydrate— that is, of combining with. 
Water ; and a similar attribute of ammonia, resulting in the formation of ft 
caustic alkali, NH 3 ,H,0, or NH 4 OH. 

Having made theso indispensable preliminary observations, I may now 
.attook.tho problem itself and attempt to explain tho so-called structure or 
-rather construction, of molecules— that is to say, their constitution and trans- 
formations— without having rocourso to tho teaching of 1 structuralists,’ but QU 
Newton’s dynamical principles. 

Of Newton’s three laws of motion, only tho third can be applied directly 
to chemical molecules when regarded as systems of atoms among which it 
must be supposed that there exist common influences or forces, and resulting 
compounded relative motions. Chemical reactions of ©very kind aro un- 
doubtedly accomplished by changes in theso internal movements, respecting 
the nature of which nothing is known at present, but the existence of which 
the mass of evidence collected in modern times forces us to acknowledge as 
forming part of tho common motion of the universe, and as a fact further 
established by tho circumstance that chemical reactions are always charac- 
terised by changes of volume .or tho relations between, tho atoms or the 
molecules, Newton’s third law, which is applicable to every 'system, declares 
that, * action is also associated with reaction, and is equal to it.’ The 
brevity of conciseness of this axiom was, however, qualified by Newton itv 
a more expanded statement, * the action of bodies one upon another ;a£e 
always equal, and in opposite directions.’ This simple fact constitutes the 
point of departure for explaining dynamic equilibrium— that is to say, systems 
of conservancy. It is capable of satisfying even the dualists, and of explain- 
ing, without additional assumptions, the preservation of those chemical types 
which Human, Laurent, and Gerhardt created unit types, and those views of 
atomic combinations which the structuralists express by atomicity or tho 



valency of the elements, and, in connection with them, the various number* 
of affinities. In reality, if a system of atoms or a molecule bo given, then in 
it, according to the third law of Newton, each portion of atoms acts on the 
remaining portion in the same manner, and with tho samo force as tho 
eecond set of atoms acts on tho first. Wo infer directly from tin® considera- 
tion that both sots of atoms, forming a molecule, are not only equivalent with 
regard to themselves, as they must bo according to Dalton's law, but also that 
they may, if united, replace each other. Lot there be a molecule containing 
.atoms A B 0, it is clear that, according to Newton’s law, the action of A on 
B C must bo equal to the action of B 0 on A, and if the first action is directed 
on B 0, then tho second must be directed on A, and consequently then, where 
A can exist in dynamic equilibrium, B C may take its place and act in a like- 
manner. In the same way tho action of C is equal to tho action of A B. In 
one word every two sots of atoms forming a molecule uro equivalent to each 
other, and may take each other’s place in other molecules, or, having the 
power of balancing each other, the atoms or their complements are endowed 
with the power of replacing each other. Let us call this consequence of mi 
evident axiom * the principle of substitution,* and let us apply it to those 
typical forms of hydrogen compounds which we have already discussed, and 
which, on account of their simplicity and regularity, have served as starting*, 
pohlts of chemical argument long before tho appearance of tho doctrine of 
structure. 

In the type of hydrofluoric arid, IIP, or in systems of double stars, are, 
included a multitude of the simplest molecules. It will be sufficient for our 
purpose to recall a few : for example, the molecules of chlorine, Cl s , and of 
hydrogen, H*, and hydrochloric acid* HC1, which is familiar to all in aqueous 
solution aa spirits of salt, and which has many points of resemblance with 
HP, HBr, HI. In these cases division into two parts can only be made in 
one way, and therefore the principle of substitution renders It probable that 
•exchanges between the chlorine and tho hydrogen can take place, if they arc 
competent to unite with each other. There was a time when no chemist 
would even admit the idea of any such action ; it was then thought that the 
power of combination indicated «a polar difference of tho molecules in com- 
bination, and tins thought set aside all idea of tho substitution of one com- 
ponent clement by another. 

Thanks to tho observations and experiments of 1 Hunan and Laurent fifty 
years ago, such fallacies were dispelled, and in this manner tho principle 
of iubsritutlon was exhibited. Chlorine and bromine acting cm many 
hydrogen compounds* occupy immediately the place of their hydrogen, and 
the displaced hydrogen, with another atom of chlorine or bromine, form* 
hydrochloric acid or bromide of hydrogen* Thin takes place In all typical 
hydrogen compounds. Thus chlorine acts on this principle on gntwoiw 
hydrogen— reaction, under the kdlum ca of light, resulting In the formation 
of hydrochloric acid. Chlorine acting on the alkalis, constituted similarly to 
water, and even on water itself— -only, however, under tho influence of light 
and only partially because of the instability of IICIO— forma by tills principle 
bteaehteg Mitt, which are the tamo as the alkalis, but with their hydrogen 


the hydrogen. From ammonia is formed in this manner the sc 
chloride of nitrogen, NC1 S , which decomposes very readily with violent 
eion on account of the evolved gases, and falls asunder as chlori 
nitrogen. Out of marsh gas, or methane, CH,, may be obtained c< 
tively, by this method, every possible substitution, of which chloi 
CHCL,, is the best known, and carbon tetrachloride, CC1 4 , the most i 
tive. But by virtue of the fact that chlorine and bromine act, in the r 
shown, on the simplest typical hydrogen compounds, their action 
more complicated ones may bo assumed to bo the same. This can b< 
demonstrated. The hydrogen of benzene, C a H d , reacts feebly under th 
once of light on liquid bromine, but Gustavson has shown that the a 
of the smallest quantity of metallic aluminium causes energetic acii 
the evolution of large volumes of hydrogen bromide. 

If we pass on to the second typical hydrogen compound— that is 
water— its molecule, HOH, may be split up in two ways : either into a 
of hydrogen and a semi -molecule of hydrogen peroxide, HO, or into c 
O, and two atoms of hydrogen, H ; and therefore, according to the pi 
of substitution, it is evident that ono atom of hydrogen can ex 
with hydrogen oxide, HO, and two atoms of hydrogen, H, with one a 
oxygon, 0. 

Both these forms of substitution will constitute methods of oxid, 
that is to say, of the entrance of oxygen into the .compound— a r 
which is so common in nature as well as in the arts, taking place 
expense of the oxygon of the air or by the aid of various oxidiait 
stances or bodies which part easily with their oxygen. There is no o 
to rockon up the unlimited number of cases of such oxidising reaetio 
is sufficient to state that in the first of those oxygon is directly tran 
and the position, the chemical function, which hydrogen originally o< 
Is, after the substitution, occupied by the hydroxyl. Thus arnmonii 
yields hydroxylamine, NII*(OH), a substance which retains many 
properties of ammonia. 

Methane and a number of other hydrocarbons yield, by substitc 
the hydrogen by its oxide, methyl alcohol, 0Ef*(OH), and other alcoholi 
substitution of ono atom of oxygen fat two atoms of hydrogen is 
common with hydrogen compounds. By this means alcoholic liquii 
taming ethyl alcohol, or spirits of wine, 0*11.(011), are oxidised uni 
become vinegar, or acetic aei t d, 0*11*0(0X1). In the same way 
ammonia, or the combination of ammonia with water, NH 3 ,II/>, or NX 
which contains a great deal of hydrogen, by oxidation exchanges fom 
of hydrogen for two atoms of oxygen, and becomes converted into niti 
HO, (OH). This process of conversion of ammonium salts into saltpe 
on in the fields every summer, and with especial rapidity in tropical co 
Th© method by which this is accomplished, though complex, though hi 
th© agency of all-permeating nhcro-org&niam®, it, in substance, th© s 
that by which alcohol is converted into acetic acid, or glycol, G,H 4 (0I 
oxalic add, if wo view the process of oxidation in th© light of the Ho^ 
principles. 

But while speaking of the application of th© principle of subatiti 


water, we need not multiply instances, but must turn our attention to two 1 * 
special circumstances which arc closely connected with the very mechanism, 
of substitutions. 

In the first place, the replacement of two atoms of hydrogen by on© atom 1 
of oxygen may take place in two ways, because the hydrogen molecule i© 
composed of two atoms, and therefore, under the influence of oxygen, the 
molecule forming water may separate before the o. gen has time to take it© 
place. It is for this reason that we find, during the conversion of alcohol 
into acetic acid, that there is an interval during which Is formed aldehyde* 
C Q II,0, which, as its very name implies, is * alcohol dehydrogenation, 1 or 
alcohol deprived of hydrogen. Ilonco aldehyde combined 'with hydrogen 
yields alcohol ; and united to oxygon, acetic acid. 

For the same reason thero should bo, and there actually are, intermediate 
products between ammonia and nitric acid, NO fi (MO), containing cither lew 
hydrogen than ammonia, less oxygon than nitric acid, or loss water than 
caustic ammonia. Accordingly we find, among the product©’ of the deoxida- 
tion of nitric acid and the oxidation of ammonia, not only hydroxy huniue, 
but also nitrous oxide, nitrous and fa trie anhydrides. Thus, the production 
of nitrous acid results from the removal of two atoms of hydrogen from 
caustic ammonia and the substitution of the oxygen for the hydrogen, 
NO(OH) ; or by the substitution, in ammonia, of three atoms of hydrogen by 
hydroxyl, N (OH) a , and by the removal of water: N (OII) 3 - 11*0 » N 0(011). 
The peculiarities and properties of nitrous acid— ae, for instance, its action on 
ammonia and its conversion, by oxidation, into nitric acid— are thus clearly 
revealed 

On the other hand, in speaking of the principle of substitution on applied 
so water, it is neecssary to observe that hydrogen and hydroxyl, II and Oil, 
are not. only competent to unite, but also to form combinations with them- 
selves, and thus become II* and ; and each arc hydrogen and the 
peroxide thereof. In general, if a molecule A B exists, then molecules A A 
•and B B can exist also. A direct reaction of this kind does not, however, 
take place in water, therefore undoubtedly, at tlio moment of formation, 
hydrogen reacts on hydrogen peroxide, as we can show at once by 
experiment; and farther because hydrogen peroxide, Il/h, exhibits a 
structure containing a molecule of hydrogen, Hy, and one of oxygen, O,, 
either of which is capable of separate existence. The fact, however, may 
now bo taken m thoroughly established, that, at the moment of combustion 
of hydrogen or of the hydrogen compounds, hydrogen peroxide, is always 
formed, and not only to, but In all probability its formation invariably pre- 
cedes lb© formation of water. This was to bo ©spooled m a oonsetjuonce of 
ah© law of Avogadro and Oorbardt, winch loads m to ©xpoot Ibis wwjufai m 
4n tli© ©as© of equal interactions of volumes of vapours ami gown ; and lu 
hydrogen peroxide we actually have such «qual volume© of the oloimmtfury 
(pses. 

Tim, instability of liydrogen peroxido— that In to my, the eaim with 
which it decompose© into water and oxygen, mm u the morn contact of 
pom© ©ub«t®ne§§— accounts for the circuunrtonou that it dtwti not farm a per* 
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of water. I may mention this additional consideration that, with r< 
*o hydrogen peroxide* we may look for its effecting still further sol 
tions of hydrogen by means of which we may expect to obtain still 
highly oxidised water compounds* such as and H a 0 4 . These Sch6 
-and Bunsen have long been seeking, and Berthelot is investigating 
at present* It is probable, however, that the reaction will stop a 
last compound, because we find that, in a number of cases, the afldit: 
four atoms of oxygon seems to form a limit. Thus, 0s0 4 , KC10 4 , 1U 
■ KaS0 4 , Ka 3 P0 4 , and such like, roprosent the highest grades of oxidatior 

Ah for tho last forty years, from the times of Berzelius, Dumas, I 
Oorhardt, Williamson, Frankland, Kolbe, Kekul<$, and Butleroff, most 
retical generalisations have centred round organio or carbon compc 
we will, for the sake of brevity, leave out the discussion of ammonia d 
lives, notwithstanding their simplicity with respect to the doctrine of a 
iutions ; we will dwell more especially on its application to carbon compc 
starting from methane, CH 4 , as tho simplest of the hydrocarbons, coutf 
in its molecule one atom of carbon. According to tho principles enum< 
wo may derive from CII 4 overy combination of tho form CH 3 X, C 
CHX 8 , and CX 4 , in which X is an element, or radicle, equivalent to hydro 
that is to say, competent to lake its plaeo or to combine with it. Sue 
the chlorine substitutes already mentioned, such is wood- spirit CH 8 (0 
which X is represented by the residue of water, and such are numerous 
carbon derivatives. If we continue, with tho aid of hydroxyl, further i 
tuitions of tho hydrogen of methane wo shall obtain successively CH 2 ( 
CXI(OII) 9 , and C(OH) 4 . But if, in proceeding thus, we boar in mim 
<511,(011)* contains two hydroxyls in tho some form as hydrogen pei 
ll 4 0 a or (Oil).,, contains them — and moroovor not only in one molecu 
together, attached to one and tho same atom of carbon — so horo wc 
look fur tho earn© decomposition as that which wo find in hydrogen. pe: 
And accompanied also by tho formation of water as an indepen 
existing molecule ; therefore CH*(OH), should yield, as it actually do 
mediately water and tho oxide of methylene, CH,0, which is mefchan 

1 Because more than four atoms of hydrogen never unite with one atom of i 
mimte, and because the hydrogen compounds (e.g. HC1, H s S, H 5 P, H 4 8i) alwa? 
their highest oxides with four atoms of oxygen, and as the highest forms of oxides 
Xtu0 4 ) also contain four of oxygen, and eight groups of tho periodic system, corres) 
to the highest basic oxides B* 4 0, BO, B^Og, BO-*, Ba0 3 , BO3, KgO?, and R0 4 , in 
above relationship, and because of tho nearest analogues among the elements— 
Mg, Zu, CM, and Hg; or Or, Mo, W, and U; or Si, Go, Sn, and Pt; or P, Cl, Br 
anti so forth -not more than four are known, itaoema to mo that in these relati 
thorn lies a cl«*«*p interest and meaning with regard to chemical mechanics. But 1 
to my imagination, the idea of unity of design in Nature, either acting in < 
celestial systems or among chemical molecules, in very attractive, especially boci 
atomic teaching at once acquires its true meaning, I will recall the following i 
luting to the solar system. There are eight major placets, of which the four ini 
are not only separated from the fonr outer by asteroids, but differ from them i 
rowpeete, as, for example, in the smallness of their diameters and their greater 
Saturn with his ring has eight satellites, Jupiter and Uranus have each fonr. I 
dent that in the solar systems also we meet with these higher number® four ei 
which appear in the- combination of chemical molecules. 


oxygen substituted for two atoms of hydrogen. Exactly in the same manner 
put of CH(OII) 3 aro formed water and formic acid, €110(011), and out of 
C(OH) 4 is producod wator an i carbonic acid, or directly carbonic anhydride, 
CO a? which will therefore bo nothing elao than methane with the double re. 
.placement of pairs of hydrogen by oxygon. As nothing leads to the suppoab 
tion that the foul atoms of hydrogen in methane differ one from tho other, 
eo it does not matter by what means we obtain any on© of the combinations 
indicated— they will be identical ; that is to say, there will be no case of 
actual isomerism, although there may easily bo such oases of isomerism a® 
have been distinguished by tho term metamerism. 

Formic acid, for example, has two atoms of hydrogen, One attached to then 
carbon loft from the methane, and tho other attached to the oxygen which 
has entered in the form of hydroxyl, and if one of them be replaced by some 
substance X it is evident that wo shall obtain substances of the same composi- 
tion, but of different construction, or of different orders of movement among 
the molecules, and therefore endowed with ether properties and reactions. If 
X be methyl, CH # — that is to say, a group capable of replacing hydrogen 
because it is actually contained with hydrogen in methane itself— then by 
substituting this group for tho original hydrogen wo obtain acetic acid, 
CCH s O(OH), out of formic, and by substitution of the hydrogen in its oxide or 
hydroxyl wo obtain methyl formate, 0X10(0011*) . These substances differ no 
much from each other physically and chemically that at first sight it ia hardly 
possible to admit that they contain the same atoms in identically the mo 
proportions. Acetic acid, for example, boils at a higher temperature them 
water, and has a higher specific gravity than it, whilst its metiuneride, 
methyl formate, is lighter than water, and hoik at 80*— that is to say, it 
evaporates very easily. 

Let us now turn to carbon compounds containing two atoms of carbon to 
the molecule, as. in acetic acid, and proceed to evolve them from methane by 
tho principle of substitution. This principle declares at once that methane 
can only bo split up in tho four following ways:— 

1. Into a group Oil, equivalent with H. Lot us call changes of this 
nature m ethylation. 

2. Into a group OIL, and II*. Wo will call this order of substitutions 
mothykmiion. 

0. Into CII and If*, which commutations we will call oooty lunation. 

4. Into 0 and H 4 » which may be called ©urbunation. 

It is evident that hydrocarbon compounds containing two atoms of carbon 
can only proceed from methane, CXI 4 , which contains four atoms of hydrogen 
by thefint tore© methods of substitution ; earbonation would yield free carbon 
if it could take place directly, and if the molecule of free carbon.— which ia In 
reality very complex, that h to say strongly polyatomic, as ! have long wine© 
bean proving by various means— could contain only O a like tho molecule® 
O a , lip N*, and so on. 

By msthylation w© should evidently obtain from marsh gun, ©than©, 
CHftOHs-OA. 

By motoylcnation— that is, by substituting group CII* tor H*— mtth&ne 

i forms stoykne, GILCIL » OJEL. 



By acetylonatiom—that is, by substituting three atoms of hydrogen, H 3 , in 
methane — by the remnant CH, we get acetylene, QHCH=== C 2 H 2 . 

If wo have applied the principles of Newton correctly, there should not be 
any other hydrocarbons containing two atoms of carbon in the molecule* 
All these combinations have long been known, and in each of them we can 
not only produce those substitutions of which an example has been given in 
the case of methane, but also all the phases of other substitutions, as we shall 
find from few more instances, by tho aid of which I trust that I shall be 
able to show tho groat complexity of those derivatives which, on the principle 
of substitution, can bo obtained from each hydrocarbon. Let us content our- 
selves with the case of ethane OHgCHg, and the substitution of the hydrogen 
\y hydroxyl. The following are the possible changes 

1. OBaCH^OH): this is nothing more than spirit of wine, or ethyl 
alcohol, C*(OH) or 0*0. 

2. 013^(011)0^(011) : this is the glycol of Wlirfcz* which has shed so 
much light on the history of alcohol. Its isomeride may be CH 3 CH(OH) a , 
but as we have soon in tho case of CH(OH)^ it decomposes, giving off water, 
and forming aldohydo, CH a CHO, a substance* capable of yielding alcohol by 
uniting with hydrogen, and of yielding acotic ac)d by uniting with oxygen. 

If glycol, CH*(OH)GH/OH), loses its water, it may be seen at once that 

it will not now yield aldehyde, CH s CHO, but its isomeride, the 

oxide of ethylene. I have hero indicated in a special manner the oxygen 
which has taken the place of two atoms of the hydrogen of ethane taken 
from different atoms of the carbon. 

g. CU,C(OH), decomposed as CXI(OH) a , forming water and acetic acid, 
CH,C0(01£). It is evident that this acid is nothing else than formic acid. 
0110(01 1), with its liydrogon replaced by methyl. Without examining 
farther the vast number of possible derivatives, I will direct your attention 
to tho circumstance that in dissolving acetic acid in water we obtain the 
maximum, contraction and the greatest viscosity when to the molecule 
CH,00(0H) is added a molecule of water, which is the proportion which 
would form the hydrate OH^G(OH) a . It is probable that the doubling of 
the molecule of acetic acid at temperatures approaching its boiling-point 
bm some connection with this power of uniting with one molecule of 
water. 

4, €IL(OH)C(OH) s is evidently an alcoholic acid, and indeed this com* 
pound, after losing water, answers to glycolic acid, 0^(011)00(011). 
Without investigating nil tho possible isomeridos, we will note only that the 
hydrate CH{OH), 4 CU(OH) tJ has tho same composition as CH*(OH)C(OH) A , 
and although corresponding to glycol, and.being a symmetrical substance, it 
becomes, on parting with its water, the aldehyde of oxalic add, or the glyoxal 
of Debus, CHOCEO, 

0. GH(OH) f C(OEU, from. the tendency of all the preceding, corresponds! 
with glyoxylio acid,, an aldehyde odd, GHOGO(OH), because th.e group 
00(011), or carboxyl, enters into the composition® of organio adds, and the* 
group ClIO defines tho aldehyde function. 

6* C(OIi) l C(OH) t through the loss of 233,0 yield® the bibaaic oxalic add 



CO(OH)CO(OH), which generally .crystallises with 2H a 0, following thus the 
normal typo of hydration characteristic of ethane.® 

Thus, by applying the principle of substitution, we can, in the simplest 
manner, derive not only every kind of hydrocarbon compound, slich as the 
alcohols, tho aldehyde-alcohols, aldehydes, alcohol-acids, ant! the acids, but 
also combinations analogous to hydrated crystals which usually are dig* 
regarded. 

But even those unsaturated substances, of which ethylene, CH/JH* , and 
aoetylene, OHGH, are typos, bay be evolved with equal simplicity. With 
respect to the phenomena of isomerism, there are many possibilities among 
the hydrocarbon compounds containing two atoms of carbon, and without 
going into details it will be sufficient to indicate that tho following formulas, 
though not identical,' will be isomeric substantially among themiadvea:— 
OH a CHX a and OH a XC.H a X, although both contain ty ; or OII.^'X, and 
CHXOHX, although both contain C a H a X a , if by X wo indicate chlorine or 
generally an element capable of replacing one atom of hydrogen, or capable 
of uniting with it. To isomerism of this kind belong® tho cane of aldehyde 
and the oxide of ethylene, to which wo have already referred, because both 
have the composition C a H 4 0. 

What I have said appears to mo sufficient to show that the principle of 
substitution adequately explains the composition, the isomerism, and all tho 
diversity of combination of tho hydrocarbons, and I shall limit the further 
development of these views to preparing a complete list of every possible 
hydrocarbon compound containing throe atoms of carbon in tho molecule* 
There are eight in all, of which only five arc known at present. 9 

Among those possible for G # H fl there should bo two isomoridos, propylene 
and trimothylene, and they are both already known. For C,H 4 there should 
ba throe isomeridos : allylcmo and alien® are known, but the third has not 
yet been discovered *, and for CyX, there should bo two isoraeridee, though 
neither of them is. known as yet. Their composition and structure are easily 

9 Qno more iHoinerido, CH a CH(OII), i« poimihlo— that in, eecntuhiry vinyl alcohol, 
which hi related to ethylene, ClI a CH a , but derived by the principle of oubetitution from 
CH4. Other itmmoridou, of the composition ('.jH 4 0, such, for example, Ct'HjoH), 
are inqiownble, because it would correspond with the hydrocarbon CHOU* ■> < '-H it which 
h isomeric with ethylene, and it cannot be derive*! (rum methaun. If m»*h an mmmndo 
existed it would lie derived from CIt a , hut such product** are, up to the pro .out, unknown. 
In such allies the insufficiency of the point* of departure of tho statical structural loach* 
tog is shown. It first admit* constant atomicity and thou rejects it, the facta »*> rving to 
establish either o m or tho other view ; and therefore it nocum to me that we must mum 
to the conclusion that tho structural nrnthwl of reasoning, having done a eervlee to 
•olsnoe, hm outlived fehi age, and must be regenerated, m in' their Utm was tho teaching 
of the ©lootro-ohemisU, the radioaltofc*, and the adherent* of the doctrine erf types. An 
wo caupot now lean on tho views above stated, it k time to abandon Urn structural 
theory They will all he united in ehmntaol ineehanlee, and the principle «rf mitoiiluUon 
must bo looked cm only m a preparation for the coming epoch in rhomiidry, whore 
•noli canon as the tsomerinm of funmrio and maleic acids, when explained rfyirnmnnUy, m 
proposed by Lo Bel and Van’t Hoff, may yield point* of departure. 

* Conceding variable atomicity, the structuralists moil ©xpeot an incomparably krg«* 
WBsdNr of lwmorid§®, and they cannot now decline to aeknowlcdgo the change of 
mm It only to the txamples KgCl and HgCl^ 00 and CO* FC% and 



deduced from ethane, ethylene, and acetylene, by methylatlon, by mefchylena* 
tion, by acetylenation and by carbonation. 

1. C 3 H 8 - CH 3 CH a CH 3 out of CH 3 CH 8 by methylation. This hydro* 
carbon is named propane. 

2. C 3 H 6 « CH s CHCH^ out of CH 3 CH 3 by methylenation. This sub* 
stance is propylene. 

8. C 3 H 8 •* CE&K&Rz out of CH 3 CH 3 by methylenation. This sub* 
etance is trimothylene. 

4. C a H 4 * CI*I 3 CCH out of- CH a CH 4 by acetylenation or from CHCH by 
methylation. This hydrocarbon is named allylene. 

C. C,H, - out of CHjCHj by acetylenation, or from CH.CH, by 

methylenation, because «• This body is as yet unknown. 

6. C 8 H 4 - CH a CCH a out of CIT„CH. 2 by methylenation. This hydro- 
carbon is named allcno. or iso-allylone. 

7. C ft H a « CHCH out 0 f oHjjCHj by symmetrical carbonation, or out 
of CIljjCHjj by acetylenation. This compound is unknown. 

8. Cgllj, ® qjj out of CH 3 CH 3 by carbonation, or out of CHCH by 

methylenation. This compound is unknown. 

If wo bear in mind that for each hydrocarbon serving as a type in the 
above tables there are a numbor of corresponding' derivatives, and that every 
compound obtained may, by further methylation, methylenation, acetylena* 
tion, and carbonation, produce now hydrocarbons, and theso may bo followed 
by a numerous suite of derivatives and an immense number of isomerio 
substances, it is possible to understand the limitless numbor of carbon com- 
pounds, although they all have the one substance, methane, for their origin. 
The number of substances is so enormous that it is no longer a question of 
enlarging the possibilities of discovery, but rather of finding some means of 
testing thorn analogous to the well-known two which for a long time have 
served m gauges for all carbon compounds. 

I refer to the law of even numbers and to that of limits, the first enunciated 
by Gorhardt some forty years ago, with respect to hydrocarbons, namely* 
that their molecules always contain an even numbor of atoms of hydrogen* 
But by the method which I have used of deriving all the hydrocarbons froiq 
methane, CIf 4 , this law may bo deduced as a direct consequence of the 
principle of substitutions. Accordingly, in methylation, CH 3 takes the place 
of II, and therefore CH, is added. In methylenation the number of atoms of 
hydrogen remains unchanged, and at each acetylenation it is reduced by two, 
and In carbonation by four, atoms— that is to say, an even number of atoms 
of hydrogen is always added or removed. And because the fundamental 
hydrocarbon, methane, CH 4 , contains an even number of atoms of hydrogen, 
all its derivative hydrocarbons will also contain even numbers of hydrogen, 
and this constitutes the law of even numbers. 

The principle of substitutions explains with equal simplicity the conception 
of the limiting compositions of hydrocarbons C«H 3M+2 > which I derived, in 



1861, 4 in an empirical manner from accumulated materials available at that* 
time, and on the basis of the limits to combinations worked out by Dr, Frank- 
land for other elements. 

Of all the various substitutions the highest proportion of hydrogen it 
yielded by methylatlon, because in that operation alone does the quantity of 
hydrogen increase.; hence, taking methane as a point of departure, if wo 
imagine mothylation effected (n - 1) time?, wo obtain hydrocarbon compound®- 
containing the highest quantities of hydrogen.* It U evident that they will 
contain GH 4 + (n - or C4I a » + a > because metbylation lead* to the addi- 

tion of GH a to tho compound. 

It will thus be seen that by the principle of substitution—' that Is to say, 
by the third law of Newton—' wo are able to deduce, in too simplest manner, 
not only tho individual composition, the isomerism, and rnlutiona of nub- 
stances, but also tho general laws which govern their iiuajt complex combina- 
tions without having rocoureo either to statical constructions, to tho definition, 
of atomicities, to tho exclusion of free affinities, or to tho recognition of those 
single, double or treble bonds which arc no indispensable to structuralists in tho 
explanation of the composition and construction of hydrocarbon compounds. 
And yet, by the application of the dynamical principles of Newton, wo can 
attain to that chief and fundamental object, tho comprehension of isomerism 
in hydrocarbon compounds, and tho forecasting of the existence of combina- 
tions tm yet unknown, by which the edifice raised by structural teaching I# 
strengthened and supported. Besides— and I count this for a circumstance 
of special importance - the process which I advocate will make m> difference 
in those special eases which have been already so well worked out, such .at, 
for example* tho isomerism of the hydrocarbons and alcohols, even to tho 
extent of not interfering with the nomenclature which has been adopted, and 
the structural system will retain all th© glory of having worked up, in m 
thoroughly scientific manner, toe store of information which Gerhard! had 
accumulated about tho middle of the fifties, and the still higher glory of 
establishing tho rational synthesis of organic substances. Nothing will bo 
lost to tho structural doctrine except its statical origin ; and as noon in? it 
will embrace tho dynamic principles of Newton, and miller itself to be guided 
by them, 1 believe that we shall attain for chemistry that unity of principle, 
which is now wanting. Many an adopt will bo attracted to that brilliant and 
fascinating enterprise, th© penetration into tho unseen world of tho kinetic, 
relation® of atoms, to tho study of which the last twentydive years have con- 
tributed to much labour and such high inventive faculties. 

D’Alembert found in mechanics that if inertia be taken to roprowmt force* 
dynamic equations may bo applied to statical questions, which arc thereby 
rendered more simple and more easily understood. 

Th© structural doctrine in chemistry has unconsciously followed the itamo 
court*©, and therefore its terms are easily adopted ; they may retain their 
present forms provided that a truly dynamical— that in to nay, Newtonian — 
meaning b© ascribed to them. 

Before finishing my task and demonstrating the possibility of adopting 

Bssftt d’lwt tetorte ter las hiaitea dm ©ambimUson* omaniqui**/ im D. MeiwteWuft , 
mi «** IS61, JhUkUn 4& MmMmw L d. 8c. dc 8$. m&nbrnw. 1 v 



structural doctrines to the dynamics of Newton, I consider it indispensable 
to touch on one question which naturally arises, and which I have heard 
discussed more than once. If bromine, the atom of which is eighty times 
heavier than that of hydrogen, takas the place of hydrogen, it would seem 
that the whole system of dynamic equilibrium must be destroyed. 

Without entering into the minute analysis of this question, I think it 
will be sufficient to examine it by the light of two well-known phenomena, 
one of which will bo found in tho department of chemistry and the other in 
that, of celestial mechanics, and both will serve to demonstrate the existence 
of that unity in tho plan of creation which is a consoquonco of tho Newtonian 
doctrines. Experiments demonstrate that when a heavy element is substi- 
tuted for a light ono in a chemical compound— for example, for magnesium, 
in the oxide of that metal, an atom of mercury, which is 84 times heavier — 
th§ chief chemical characteristics or properties are generally, though not 
always, preserved. 

The substitution of silver for hydrogen, than which it is 109 times heavier, 
does not affect all tho properties of the substance, though it does some. 
Therefore chemical substitutions of this kind— the substitution of light for 
heavy atoms— need not necessarily entail changes in the original equilibrium ; 
and this point is still further elucidated by the consideration that tho periodic 
law indicates the degree of influence of an increment of weight in the atom 
as affecting tho possible equilibria, and also what degree of increase in tho 
weight of the atoms reproduces some, though not all, of the properties of the 
substance. 

This tendency to repetition— those periods— may bo likened to these 
annual or diurnal periods with which we are so familiar on tlio earth. Days 
and years follow each other, but, as they do bo, many things change ; and in 
like manner chemical evolutions, changes in tho masses of tho elements, 
permit of much remaining undisturbed, though many propertied undergo 
alteration. The system is maintained according to the laws of conservation 
in nature, but tho motions are altered in consoquonco of tho change of parffc^ 

Next, let us take an astronomical ease— such, for example, as the earth and 
the moon— and lot us imagine that the mass of the latter is constantly 
increasing. Tho question is, what will then occur f The path of the moon 
in space is a wave-line similar to that which geometricians have named epi- 
cyololclal, or the locrns of a point in a circle rolling round another circle. But 
in consequence of the influence of tho moon it is evidont that tho path of the 
earth itself cannot be a geometric ellipse, even supposing tho sun to bo im- 
movably fixed ; it must bo an epicycloids! curve, though not very far removed 
from the true ellipse— that is to say, it will bo impressed with but faint un- 
dulations. It is only the common centre of gravity of tho earth and the 
moon which describes a true ellipse round tho sun. If tho moon were to 
iticamtte, the relative undulation® of tho earth’s path would Increase in ampli- 
tude, those of tho m eon would also change, and whan the ma$s of the moon 
had increased to on equality with that of tho earth, tho path would consist of 
epicycloids! curves creasing each other, and having opposite phases. But a 
similar relation ojusts between the sun and tho earth, because tho Conner is 
also moving In space. Wo jouay apply those views to tho world of atoms, and 
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suppose that in their movements, when heavy ones take the place of those 
that are lightor, similar changes tako place, provided that the system or the 
molecule is preserved throughout the change* 

It seems probable that in the heavenly systems, during incalculable 
astronomical periods, changes have taken place and are still going on similar 
to* those which pass rapidly before our eyes during the chemical reaction of 
molecules, and the progress of molecular mechanics may— wo hope will— in 
course of time permit us to explain those changes in the stellar world which 
have more than once been noticed by astronomers, and which are now ®o 
carefully studied* A coming Newton will discover th$ laws of these change®. 
Those laws, when applied to chemistry, may exhibit peculiarities, but these 
will certainly bo mere variations on tho grand harmonious theme which 
reigns in nature. Tho discovery of the laws which produce this harmony in 
chemical evolution will only bo possible, it seems to me, urnh r the banner 
of Newtonian dynamics, which has m long waved over the domains of 
mechanics, astronomy, and physics. In calling chemists to take their ntarni 
under its peaceful and catholic shadow 1 imagine that I am aiding in estab- 
lishing that scientific union which the manager® of tho Hoy id Institution 
wish to effect, who have shown their desire to do 10 by tho flattering invita- 
tion which has given me— a Russian— the opportunity of laying before the 
countrymen of Newton an attempt to apply to chemistry one of his immortal 
principles. 
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THE PERIODIC LAW OF THE CHEMICAL ELEMENTS 

By PROFESSOR MENDELEEFF 

FARADAY LECTURE DELIVERED BEFORE THE FELLOWS OF 
THE CHEMICAL SOCIETY IN THE THEATRE OF THE ROYAL INSTITUTION, 

ON TUESDAY, JUNE 4, 1880 

The high honour bestowed by the Chemical Society in inviting me to pay a 
tribute to the world-famed name of Faraday by delivering this lecture has 
induced mo to take for its subject the Poriodio Law of the Elements— this 
being a generalisation in chemistry which has* of late attracted much 
attention. 

Whiln science is pursuing a steady onward movement, it is convenient 
from time to time to cast a glanco back on tho routo already traversed, and 
especially to consider tho now conceptions which aim at discovering tho 
general meaning of tho stock of facts accumulated from day to day in our 
laboratories. Owing to the possession of laboratories, modern science now 
bears a new character, quite unknown, not only to antiquity, but even to the 
preceding century. Bacon's and Descartes’ idea of submitting the mechanism 
of ioienco simultaneously to experiment and reasoning has been fully realised 
In tho case of chemistry, it having become not only possible but always 
customary to experiment. Under the all-penetrating control of experiment, 
a now theory, oven if crude, is quickly strengthened, provided it be founded 
on a Huflleiont basis ; tho asperities are removed, it is amended by degrees, 
and soon loses tho phantom light of a shadowy form or of one founded on 
mere prejudice ; it is able to lead to logical conclusions, and to submit to ex- 
perimental proof. “Willingly or not, in science wo all must submit not to what 
mmim to us attractive from one point of view or from another, but to what 
represents an agreement between theory and experiment ; in other words, to 
demonstrated generalisation and to the approved experiment. Is it long 
since many refuted to accept the generalisations involved in the law of Avo- 
.mil AvmwW. fto wtdftlv extended bv Gerhardt ? We still mav hear tho 


The striking observations with the spectroscope which have permitted us to 
analyse the chemical constitution of distant worlds, seemed, at first, appli- 
cablo to tho task of determining the nature of the atoms themselves ; but the 
working out of the idea in the laboratory soon demonstrated that the charac- 
ters of spectra are determined, not directly by the atom®, but by the mole- 
cules into which tho atoms are packed ; and so it became evident that more 
verified facts must be collected before it will be possible to formulate new 
generalisations capable of taking their place beside those ordinary ones based 
upon tho conception of simple substances and atoms. But as the shad© of the 
loaves and roots of living plants, together with the relics of a decayed vege- 
tation, favour tho growth of the seedling and serve to promote its luxurious 
development, in liko manner sound generalisations— together with the relies 
of those which have proved to be untenable — promote scientific productivity, 
ahd ensure tho luxurious growth of science under tho influence of rays elimi- 
nating from the centres of scientific energy. Buch centre© are scientific 
associations and societies. Before one of the oldest and most powerful of 
these I am about to tide© the liberty of passing in review the twenty years’ life 
of a generalisation which is known under’ the name of tho Periodic Law, It 
Was in March 1809 that I ventured to lay before the then youthful Busman 
Chemical Society the idea® upon the same subject which I had expressed in 
my just written 4 Principles of Chemistry.' 

Without entering into details, I will give tho conclusion® I thou arrived 
at in the very words I used 

* 1. The elements, if arranged according ’to their atomic weight®, exhibit 
an evident yeriadkity of properties, 

4 SI. Element® which are similar as regard*! their chemical propertto® have 
atomic weights which arc either of nearly the tamo value (e.g. platinum, 
iridium, osmium) or which increase regularly (e.g. potassium, rubidium, 
©segium). 

4 8. Tho arrangement of tho elements, or of groups of element®, in tho 
order of their atomic weight®, corresponds to their so-called intltmcie* mi well 
os, to some extent, to their distinctive chemical properties— mi in apparent, 
among other eerie®, in that of lithium, beryllium, barium, carbon, nitrogen, 
oxygen, and iron. 

4 4 Tho element® which ©are the most widely diffused have wnmil atomic 
•wtighte, 

4 5, The magnitude of the atomic weight determine® tho character of the 
©taunt* just m the magnitude of the molecule dotormke© th© diameter of 
a compound, 

*6. Wo mu®t ©xptet th© discovery of mm y yet umJmnm ©taente~*fbr 
example, ©taunt® analogous to aluminium and titan, whole atomic weigh! 
would be between 05 and 75, 

* 7. Tho atomic weight of m element may sometime® bd amended by m 
knowledge of those of tit© contiguous ©lemente, Thu®, to© atomic weight ol 
tetaium must Mo between in and 120, and cannot b© 128. 

*8, Certain characteristic properties of too element® e» b# iwewM hxm 
tlelr atomio weiirhia. 



1 The aim of this communication will he fully attained if I succeed in, 
drawing the attention of investigators to those relations which exist between! 
the atomio weights of dissimilar elements, which, so far as I know, have! 
hitherto boon almost completely neglected. I believe that the solution o^ 
eome of the most important problems of our science lies in researches of this! 
kind.' 

To-day, twenty years after the above conclusions were formulated, they 
may sfciU be considered as expressing the essence of the now well-known 
perioctio law. 

Revorting to tho epoch terminating with the sixties, it is proper to indi- 
cate threo series of data without the knowledge of which the periodic law 
could not have been discovered, and which rendered its appearance natural 
and intelligible. 

In the first place, it was at that time that the numerical value of atomio 
weights became definitely known. Ten years earlier such knowledge did notl 
exist, as may bo gathered from the fact that in 1860 chemists from all parts! 
of tho world mot at Karlsruhe in order to come to some agreement, if not 
with respect to views relating to atoms, at any rate as regards their definite^ 
representation. Many of those present probably remember how vain wore 
the hopes of coming to an understanding, and how much ground was gained' 
at that Congress by the followers of the imitary theory so brilliantly repre- 
sented by Cannizzaro. I vividly romember the impression produced by his 
speeches, which admitted of no compromise, and seemed to advocate truth 
itself, based on tho conceptions of Avogadro, Gerhardt, and Regnault, which 
•at that time wore far from being generally recognised. And though no 
understanding could ho arrived at, yot the objects of tho meeting were attained,! 
for tho ideas of Cannizzaro proved, after a few yoars, to be the only ones 
which could stand criticism,* and which represented an atom as— ‘the 
smallest portion of an element which enters into a molecule of its compound.’ 
Only such real atomio weights— not conventional ones— could afford a basis 
for generalisation. It is sufficient, by way of example, to indicate the 
fallowing cases in which tho relation is seen at once and is perfectly clear : — 

K -80 Rb«85 Ca ^133 

Ca»40 Sr -87 Ba«187 

whereas with tho equivalents then in use— 

K -80 Kb » 85 Cs - 183 

Ca » 20 Sr «48*5 Ba»68-$ 

the conRocutivenesH of change in atomio weight, which with tfio true values 
i8 60 evident, completely disappear/*. 

Secondly, it had become evident during tho period 1860-70*, and even 
during tho preceding decade, that the relations between the atomic, weights 
of analogous dements wore governed by some general and simple laws. 
Cooke, Cromers, Gladstone, Gmelin, Lenssen, PeUenkofer, and ©specially 
Dumas, bad already established many facts bearing on that view. Thus 
Dmuan compared the following groups of analogous elements with organic 
radicles * 
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Mg-W| e 

p - 81 )« 

0 » 8i 8 

LI « 7, 

Os «26* 

As » 75 \ 

S -16 

16 

8^8 

44 

8x8 

Na«28 

Sr ®44; 

Sb® 119; 

So • 46 

16 

Is « S 

12x44 

Is x 8 

K «B9» 

Ba -68) 

.31-0)7) 

To» 64) 


and pointed cut some roally striking relationships, such as the following • 

F -19. 

€1 ®85*S«19 + 1§*5 
Br«80 *10 + 2x1 8*5 + 28. 

I -127 « 2 x,10 + 2 x 1&*6 +• 2 k 28. 

A. Strockor, in hi® work * Theorem and Experiment® stir ftostimmung 
dor Atomgowichto dor Kkmento ’ (Braunschweig* 1859), after summarising 
the data relating to tho subject, and painting out the remarkable «eri©8 of 
equivalents— 

Cr -26*2 Mn®27‘6 Fo«28 Ni«29 Co -80 Ott»81*7 

Zn — 82*5 

remarks that: It is hardly probable that all the above- mentioned relation® 
between tho atomic weights (or equivalents) of chemically analogous elements 
arc merely accidental. We must, however, leave to the future the discovery 
of the km of the relations which appears in these figures.* * 

In such attempts at arrangement and in such view® are to be recog gifted 
the real forerunners, of tho periodic law ; tho ground vm prepared for It 
between 1860 and 1870, tod that it was not expressed in a determinate form 
before the end of the decade may, I suppose, bo ascribed to the fact that only 
analogous elements had been compared. The idea of seeking for a relation 
between tho atomic weights of aU the elements was foreign to the ideas then 
current, so that neither the mu tvlluriquc of Do Ch&noourteis, nor the law of 
octaves of Newlands, could secure anybody's attention. Aral yet Ixdh I>© 
Chonoourtois mid Howlands like Dumas and Btreokor, more than henmm 
tod Pettenkofor, had mtulo an approach to tho periodic law and had din* 
covered it® germs. The solution of the problem advanced but slowly, bce&nsa 
the facts, but not the law, stood foremost in all attempts ; and the law could 
not awaken a general Interest so long m clement*, having no apparent con- 
nection with each other, were included in the same octavo, m for example ■ 


1st octavo of 
Nowlands . . 

H 

f 

Cl 

Co b m 

Br 

Pd 

I 

Ft Air 

7th Ditto 

0 

6 

Fe 

Bo 

Mi k B« 

To 

An 

Os or Th 


Analogue of the above order scorned quite Accidental, and the inoro m> as 
the octave contained occasionally ten elcmcnte instead of eight, and w lum two 


1 4 E» 1 st wohl kaora snstmohoum, d turn *Uo m VofhsrRffait&nn tt»rwg 4 i«ibtftf& 
®pWw»fStt urisohsDi dca Atexcgtiwichtwi (odsr Asquindoatsa) In abmaUctiou 
®hs*S e&M Mote thrdjfib© BlstaraU bbt§» ssfKUig Mind. TWa Atiftwltwig te to ikam 
Wdta uttSMu* wir jsdorii te Cektmft tttoUssso.* 


euoh elements as Ba and V, Co and Ni, or Rh and Bn, occupied one place in 
the octave? Nevertheless, the fruit was ripening, and I now see clearly that 
Streckor, Bo Chancourtois, and Newlands stood foremost' in the way towards 
the discovery of the periodic law, and that they merely wanted the boldness 
necessary to place the whole question at such a height that its reflection on 
the facts could be clearly seen. 

A third circumstance which revealed the periodicity of che mi cal elements 
was the accumulation, by tho end of the sixties, of new information respecting 
the raro elements, disclosing thoir many-sided relations to tho other elements 
and to oaoh other. Tho researches of Marignac on niobium, and those of 
Boscoo on vanadium, were of special moment. The striking analogies between 
vanadium and phosphorus on the ono hand, and between vanadium and 
chromium on the other, which became so apparent in the investigations con- 
nected with that element, naturally induced the comparison of V » 51 with 
Or *62, Nb«94 with Mo«96, and Ta*192 with W = 194 ; while, on the 
Other hand, P ® 81 could bo compared with S ® 82, As » 75 with Se « 79, and 
8b • 120 with To* 125. From such approximations there remained but one 
step to tho discovery of tho law of periodicity. 

Tho law of periodicity was thus a diroct outcome of the stock of generali- 
sations and established facts which had accumulated by the end of the decade 
1800-1870 : it is an embodiment of those data in a more or less systematic 
expression. Where, then, lies the secret of the special importance which has 
since been attached to the periodic law, and has raised it to the position of a 
generalisation which has already given to chemistry unexpected aid, and 
which promises to bo far more fruitful in tho future and to impress upon 
several branches of chemical research a peculiar and original stamp? The 
remaining part of my communication will bo an attempt to answer this 
question. 

In the fust place wo have tho circumstance that, as soon as tho law made 
Its appearance, it demanded a revision of many facts which were considered 
by chemists as fully established by existing experience. I shall return, later 
on, briefly to this subject, but X wish now to remind you that the periodio 
law, by insisting on tho necessity for a revision of supposed facts, exposed 
itoelf at once to destruction in its very origin. Its first requirements, how- 
ever, have been almost entirely satisfied during the last 20 years; the sup- 
posed facts have yielded to tho law, thus proving that the law itself was a 
legitimate induction from tho verified facts. But our inductions from data 
'have often to do with such. details of a sconce so rich in facts, that only 
generalkationft which cover a wide range of important phenomena can attract 
general attention. What wore the regions touched on by the periodic Jaw? 
This Is what wo shall now consider, 

Tho most important point to notice is, that periodic functions, used for 
the purpose of expressing changes which are dependent on variations of time 
and space, have been long known. They are familiar to the mind when we 
have to deed with motion in closed cycles, or with any kind of deviation from 

8 To judge from J. A. R. NtiwlancU’g work. On the X>koovery of the Periodic Law, 
London, JHH4, p. 149; the Law of Octaves * {from tho Chemical News, IS. 88 l 
August IB, 1805). 



a stable position, mien as occurs m penaiuum-osciuauonii. a ukq penaaio 
function becamckovident in the case of the elements, depending on the mass 
of the atom. The primary conception of the masses of bodies, or of the masses 
of atoms, belongs to a category which the present state of science forbid® ns 
to discuss, because as yet wo have no means of dissecting or analysing the 
conception. All that was known of functions dependent on masses derived 
its origin from Galileo and Newton, and indicated that inch functions 
either decrease or increase with the increase of mas*, like the attraction of 
celestial bodies. The numerical expression of the phenomena was always 
found to be proportional to ‘the mass, and in no case w&§ an inoreais® of mats 
followed by a recurrence of proportion such as is disclosed by the periodic law 
of the elements. This constituted such a novelty in the study of the phenomena 
of nature that, although it did not lift the veil which conceals the true concep- 
tion of mass, it nevertheless indicated that the explanation of that conception 
must be searched for in the masses of the atoms ; the more so, as all massa* 
are nothing but aggregations, or additions, of chemical atoms which would bo 
best described as chemical individuals. Let mo remark, by the way, that 
though th© Latin word 1 individual * is merely a translation of the Greek word 
4 atom,' nevertheless history and custom have drawn a sharp distinction 
between the two words, and the present chemical conception of atoms is 
nearer to that defined by the Latin word than by the Greek, although this 
latter also has acquired a spooial meaning which was unknown to the classics. 
The periodic law has shown that our chemical individuals display a harmonic 
periodicity of properties dependent on their mams. Now natural mimim 
has long been accustomed to deal with periodicities observed in nature, to 
sete© them with th© vice of mathematical analysis, to submit them to th# 
rasp of experiment. And these instruments^ of seiuntiflo thought would 
surely, long sin©©, have mastered the problem emxmUd with th# chemical 
elements, were it not for a now feature which wo§ brought to light by tho 
periodic law, and which gave a peculiar and original character to tho periodic 
function. 

If we mark on an axis of abscissae a series of lengths proportional to 
angles, and trace ordinates which art* proportional to Hines or other trigono- 
metrical Emotions, wo get periodic curves of a harmonic character. Ho it 
might seem, at first sight, that with tho increase of atomic weight* the ftm© Y 
iion of the properties of th© elements should also vary in the ©am© hormordouj 
way. But in this case there is no suoh mntkmmm ©hang© m ha th# ottrv©# 
Just referred to, beams© th© periods do not contain Urn infinite number of 
point® ©onsiitatlng a curve, but a finite number only of suoh points. An 
example will better iJMitrat© this view. Tho atomic weights— 

Ag-108 ca»lia In » 118 Bn • 118 8fe«!2G 

T©»m 1-1*47 

steadily Increase, and their increase Is accompanied by a modification of 
many properties which constitutes th© essence of the periodic law. Thug* 
for example, th® densities of the above element# decrease iteodily, Whf 
feipietlve|y*» 

■ im m ?*4 7*i et 6*4 4*t 



while their oxides contain an increasing quantity of oxygen— 

Ag a O Cd.0, ln a 0 3 Sn*0 4 Sb 2 0 5 Te 2 0 6 1,0, 

But to connect by a. curve the summits of the ordinates expressing any 
bf these properties would involve the rejection of Dalton’s law of multiple 
proportions. Not only are there no intermediate elements between silver, 
which gives AgCl, and cadmium, which gives CdCl 2 , but, according to the 
very essonce of tho periodic law, there can be none ; in fact a uniform curve 
would be inapplicable in such a case, as it would lead us to expect elements 
possessed of special properties at any point of the curve. The periods of the 
elements have thus a character Very different from those which are so simply 
represented by geometers. They correspond to points, to numbers, to sudden 
.changes of the masses, and not to a continuous evolution. In these sudden 
•changes destitute of intermediate steps or positions, in the absence of 
elements Intermediate between, say, silver and cadmium, or aluminium 
and silicon, wo must recognise a problem to which no direct application 
of tho analysis of tho infinitely small can bo made. Therefore, neither the 
trigonometrical functions proposed by Ridborg and Flavitzky, nor the pen- 
dulum-oscillations suggested by Crookes, nor the cubical curves of the Rev. 
Mr. Haughton, which have been proposed for expressing tho periodic law, 
from tho nature of the case, can represent the periods of the chemical 
elements. If geometrical analysis is to bo applied to this subject, it will re* 
quire to bo modified in a special manner. It must find tho means of repre- 
senting in a special way, not only such long periods as that comprising 

K Ca Ho Ti V Cr Mn Fo Co Ni Cu Zn Ga Ge As Se Br» 

but short periods like tho following 

Na Mg A1 Si P 8 Cl. 

In the theory of numbers only do wo find problems analogous to ours, 
and two attempts at expressing the atomic weights of the elements by alge- 
braic formulas scorn to be deserving of attention, although neither of them 
can bo considered as a complete theory, nor as promising finally to solve the 
problem of the periodic law. Tho attempt of E. J. Mills (1886) does not 
oven aspire to attain this end. Ho considers that alTatomio weights can be 
expressed by a logarithmic function, 

15(n -0*9875'), 

in which tho variables n and t are whole number®. Thus, for oxygen, n«2, 
and t » 1, whence its atomic weight is - 16*94 ; in the case of chlorine, 
bromine, and iodine, n hm .respective values of 8, 6, and 9, whilst t « 7, 6, 
and 0 ; in tho ease of potassium, rubidium, and caesium, n • 4, 0, and 9, and 
I -> 14, 18, and 20. 

Another attempt was made in 1888 by B. N, Tohiteh4rin. Its author 
places tho problem of tho periodic law in the first rank, but as yet he has 
investigated the alkali metals only TcMtchMa first noticed the simple 



relations existing botweon the atomic volumes of all alkali metals; they 
can be expressed, according to his views, by the formula 
A 0'- 0*00535 An), 

where A is the atoruio weight, and n is equal to B for lithium and sodium, to 
4 for potassium, to 8 for rubidium, and to 2 for ciosiuin. If n remained equal 
to 8 during the increase of A, the volume would become zero at A « 40§, 
and it would reach its maximum at A » 23$. The close approximation of 
the number 40$ to the differences between the atomic weights of analogous 
elements (such as Cs - Itb, I — Br, and so on) ; the close correspondence of 
the number 28$ to the atomic weight of sodium ; the fact of n being neces- 
sarily a whole number, and several other aspects of the question, induce 
Tchitchririn to believe that they afford ft clue to the understanding of tho 
nature cf the elements ; we must, however, await the full development of 
his theory before pronouncing judgment on it. What we can ui present only 
be certain of is this ; that attempts like the two above named must ho re* 
peated and multiplied, because tho periodic law has clearly shown that tho 
mane® of the atoms increase abruptly, by step®, winch are clearly connected 
in some way with Dalton’® law of multiple proportions ; and because tho 
periodicity of the elements finds expression in tho transition from MX to 
BX, 4 , BX a , BX t , and bo cm till BX*, at which point, tho energy of the com- 
bining forces being exhausted, tho series begins anew from MX to ItX 3 , ami 
eo on. 

While connecting by now bonds the theory of the chemical elements with 
Dalton’s theory of multiple proportions, or atomic structure of bodies, tho 
periodic law opened for natural philosophy ft new and wide held for specula* 
tion. Kant said that there are In tho world * two things which never tarns# 
to call for the admiration and reverence of man 5 the moral law within 
ourselves, and the stellar sky above usd But when w© turn our thought® 
towards tho nature of tho elements and tho periodic law, we must add a third 
subject, namely, * tho nature of tho elementary individuals winch we discover 
everywhere around us/ Without them tho stellar sky itself is iuconeeiv* 
able; and in the atoms wo see at, unco tlu ir peculiar individualities, the iu« 
finite multiplicity of tho individuals, and the submbuuon of their seeming 
freedom to tho general harmony of Nature. 

Having thus indicated a new mystery of Nature, which d«« not yet yield 
to rational conception, tho periodic law, together with tho revelations of 
spectrum analysis* have contributed to again revive mi old but remarkably 
long-lived hope— that of discovering, if not by experiment, at kiut by a 
mental effort, the primary matter— -which had it® genesis in the mind® of 
the Grecian philosopher®, and has boon transmitted* together with many 
ether idea# of th© oImsIq period, to tho heir* of their civilisation. Having 
grown, during tho time® of th© alchemists up to tho period whi n experimental 
proof was required, tho idea has rendered gmul aorvku; it induced thou© 
careful observations and experiments which biter on called Into being tho 
works of Schenk, Lavoisier, Priestley, and Cavendish, It, then slumbered 
awhile, hut wan soon awakened by tho attempts either to confirm or to njftito 
■the ideas of Proutas to tho multiple proportion relationship of the atomic 



■Wfcight&ofall the elements, ^ndonce again the inductive or experimental 
method of studying Nature gained a direct advantage from the old Pytha- 
gorean "idda : because atomic weights were determined with an accuracy 
formerly unknown. But again the idea could not stand the ordeal of experi- 
mental test, yet the prejudice remains and has not been uprooted, even by 
Bias ; nay, it has gained a new vigour, for we see that all which is imperfectly 
worked out, new and unexplained, from the still scarcely studied rare metals 
to the hardly perceptible nebixlce, have boon used to justify it. As soon as 
spectrum analysis appears as a new and powerful weapon of chemistry, the 
idea of a primary matter is immediately attached to it. From all side§ we 
see 'attempts to constitute -the imaginary substance helium 8 the so much 
longed for primary matter.. No attention is paid to the ciroumstance that 
the helium line is only seen in the spectrum of the solar protuberances, so 
that its universality in Nature remains as problematic as the primary matter 
itself ; nor to the fact that tho helium lino is wanting amongst the Fraun- 
hofer linos of tho solar spoctrum, and thus does not answer to the brilliant 
fundamental conception whioh givos its real force to spectrum analysis. 

And finally, no notico is ovon takon of tho indubitable fact that the bril- 
liancies of tho spoctral linos of tho simple substances vary under different tem- 
peratures and pressures ; so that all probabilities are in favour of the helium 
lino simply belonging to some long eirioo known, element placed under such 
conditions of temperature, pressure, and gravity as have not yet been realised 
in our experiments. Again, tho idea that tho excellent investigations of 
Lockyer of tho spectrum of. iron can bo interpreted in favour of the compound 
nature of that element, evidently must have orison from somo misunder- 
standing. Tho spoctrum of a compound certainly docs not appear as a 
sum of the spectra of its components; and therefore the observations of 
Xroekyer can bo considered precisely as a* proof that iron undergoes no other 
changes at the tomporaturo of tho sun than those which it experiences in the 
■voltaic arc —provided tho spectrum of iron is preserved. As to the shifting 
of some of the lines of tho spectrum of iron whilo tho other lihes maintain 
their positions, it can bo explainod, as shown by M. Kleiber' (* Journal of the 
Russian Chemical and Physical Society, 1885, 147), by the relative motion 
of the various strata of the sun’s atmosphere, and by ZSllner’s laws of tha 
relative brillianclo® of different lines of tho spectrum. Moreover, it ought 
not to bo forgotten that if iron were really proved to consist of two or more.* 
unknown elements, wo should simply have on increase in the number of our 
elements— not a reduction, and still less a reduction of all of them to one 
single primary matter. 

Fooling that spectrum analysis will not yield a support to tho Pythagorean 
conception, it*? modern promoters are so bent upon its being confirmed by 
the periodic law, that the illustrious Bortholot, in his work 4 Dos origines de 
VAkhimitV 1885, 818, has simply mixed up the fundamental idea of the law 
of periodicity with the ideas of Front, the alchemists, and Democritus about 
primary matter , 4 But the periodic law, based as it is on the solid and whole- 
s' That is, a substance having a wave-length equal to 0'0005875' millimetre. 

4 maintains (cm p, 000) that the periodic law requires two new analogous 
elements, having atomic weight® ot 48 and 64, occupying positions botwoon sulphur 



some ground of experimental research, has boon evolved Independently of 
any conception as to tho nature of tho elements ; it does not in the least 
Originate in tho idea of a unique matter; and it lnw no historical cunnee- 
tion with that relic of tho torments of cla.ssical thought, and therefore it 
affords no moro indication of tho unity of matter or of tho compound character 
of our demerits, than tho law of Avogadro, or tho law of specific heats, or 
even tho conclusions of spectrum analysis. None of the advocates of a 
unique matter have ever tried to explain the law from the standpoint of ideal 
taken from a remote antiquity when it wan found convenient to admit tho 
existence of many gods— and of a unique matter. 

When wo try to explain tho origin of the idea id a unique primary 
matter, wo easily trace that in tho absence of inductions from experiment it 
derives its origin from tho scientifically philosophical attempt at di\o» wring 
some kind of unity in tho immense diversity of individualities which we nee 
around. In classical times such a tendency could only be satisfied by con- 
ceptions about tho immaterial world. Ah to the material w orld, our ancestors* 
wore compelled to resort to some hypothesis, and they adopted the idea of 
unity in the formative material, because they were not able to evolve tho 
conception of any other possible unity in order to connect tho muUifArinu# 
relations of matter. Kesponding to tine same legitimate scientific tendency, 
natural science has discovered throughout the universe a unity of plan, ti 
unity of forces, and a unity of matter, and the convincing comdmuunn of 
modern science compel every one to admit these binds of unity. Uut white 
wo admit unity in many things, we none tho lens must also explain tho 
individuality and tho apparent diversity which wo cannot fail in trace every- 
where. It has been eakl of old, * Give u» a fulcrum, ami it wall become tmny to 
displace the earth.’ Bo also w# must say, * Give m something that in individu- 
alised, and tho apparent diversity will b© easily understood.* Otherwise, how 
could unity result in a multitude f 

After a long and painstaking research, natural science has discovered tho 
individualities of the chemical elements, mid therefore it i * new capable not 
only of analysing, but also of synthesising ; It can understand mid grasp 
generality and unity, m well us the individualised and the muUifanmii, 
The general and universal, like time and space, like force and motion, vary uni- 
formly ; the uniform admit of interpolate mi, revealing every intermediate 
phase. But tho multitudinous, the individtiuUstKl-* -Much us oursd vert, or thu 
chemical dements, or tho inombors of a peculiar periodic function of tb© 
flomeats, or Dalton's multiple proportion* —U characterised In another 
way : w© §©§ in it, aid© by side with a connecting getwrul iirindpfo, hmp% 
breaks of eontinitity, pints which escap from tho analysis of the Infinitely 
small— an absftnt» of complete intermediate link#. Chemistry hm fmiml m 
answer to the question m to the causes of multitudes ; and while retaining 
the conception of many dements, all submitted to the discipline of a general 
law, it offers an esqspa from the Indian Nirvana the §t!«§«rptnm in tho 
universal, replacing it by the individuate**!. However, the pkco fur itstlb 

owl although nothing of k\m kind nmultii from my ut the ddterent fadings of 



viduallty is so limited by the all-grasping, all-powerful ' ■universal, that 
merely a point 6£ support for the understanding of multitude in unity. 

Having touched upon the metaphysical bases of the conception 
uniquo matter which is supposed to enter into the composition of all be 
I think it necessary to dwell upon another theory,, akin to the above coi 
tion—tho theory of the compound character of tho elements now admits 
some — and especially upon one particular circumstance which, being re 
to tlie poriodio law, is cousidorod to bo an argument in favour- of that l 
thesis. 

Dr. Polopidas, in 1888, made a communication to the Russian Ohei 
and Physical Society on the poriodioity of the hydrocarbon radioles, pob 
out the remarkable parallelism which was to be noticed in the chan 
properties of hydrocarbon radioles and elements when classed in gr< 
Professor Oamelley, in 1880, developed a similar parallelism. The id< 
M. Polopidas will bo easily understood if we consider the series of h^ 
carbon radicles which contain, say, 6 atoms of carbon : — 

i. n. in. iv. V. vi. vn t i 

OflHjg OqHji OqHjq 0 d H 7 < 

The that of those radiclos, Hko the elements of the 1st group, combines 
01, OH, and so on, and gives tho derivatives of hexyl alcohol, 0 Q H 13 (( 
but, in proportion as the number of hydrogen atoms decreases, the cap; 
of the radiclos of combining with, say, the halogens increases. C 0 H W air 
combines with 2 atoms of chlorine ; C 0 H n with 8 atoms, and so on. 
last mombors of tho series comprise tho radiclos of acids : thus u 
belongs to tho Ofch group, gives, liko sulphur, a bibasio acid, C 0 H 6 O a (( 
which is homologous with oxalic acid. Tho parallelism can be traced 
further, because O rt II 5 appoars as a monovalont radiclo of benzene,- and 
it begins a now series of aromatic derivatives, so analogous to the dexivatr 
tho aliphatic series. Lot mo also mention anCthor example from among : 
which have been given by M. Polopidas. * Starting from the alkaline rs 
of monomothylammonium, N(CH a )H a ,* cr *NCH#, whioh presents i 
analogic® with tho alkaline motals of the 1st group, he arrives, by suooess 
diminishing tlio number of tho atoms 6f hydrogen, at 'a 7th group w 
contains cyanogen, ON, which has long sinco boon compared to the hale 
of tho 7 tli group. 

Tho most important consequence which, in toy opinion, can be & 
from tho above comparison is that the periodic law, so apparent ir 
elements, has a wider application than might appear at first sight ; it c 
up a now vista of chemical evolutions. But, whilo admitting tho ft 
parallelism between tho poriodioity of the elements and that of the comp 
radicles, wo must not forget that in the periods of the hydrocarbon rad 
we have a tUemm of mass as wo pass from tho representatives of the 
group to the* next, whilo in tho periods of tho dements the mass inan 
during the progression. It thus becomes evident that wo cannot speak < 
identity of periodicity in both casco, unless w© put aside the ideas of : 
and attraction, whioh are tho real corner-stones of the whole of na 
science, and even enter into those very conceptions Qf simple substances v 


cam© to light a Ml hundred years later than the immortal principle® of 
Newton .* 1 

From the foregoing, as well as from the failures of so many attempt# at 
finding in experiment and speculation a proof of the compound character of 
the elements and of the existence of primordial matter, it is evident, in my 
opinion, that this theory must be classed among mere utopias. Hut utopias 
can only be combated by freedom of opinion, by experiment, and by new 
utopias. In the republic of scientific theories freedom of opinions is guaran- 
teed. It is precisely that freedom which permits me to criticise openly tlm 
widely-diffused idea as to the unity of matter in the elements. Experiments 
and attempts tit confirming that idea have boon so numerous that it really 
would bo instructive to have them all collected together, if only to serve as a 
warning against the repetition of old failures. And now as to new utopias 
which may be helpful in the struggle against the old ones. I do not think It 
quite useless to mention a. phantom/ of one of my student# who imagined that 
the weight of bodies does not depend upon their maos, but upon the character 
of the motion of their atoms. The atoms, according to this new utopian, may 
all be homogeneous or heterogeneous, we know not which ; wo know them 
In motion only, and that motion they maintain with the same parstetanoe m 
the stellar bodies maintain theirs. The weights of atoms differ only in eon* 
sequence of their various mode® and quantity of motion ; the heaviest atoms 
may be much simpler than the lighter ones : thus an atom of mercury may 
bo simpler than tm atom of hydrogen— the manner In which it moves causes 
it to be heavier. My interlocutor even suggested that the view which 
attributes the greater complexity to the lighter elements finds confirmation 
in the fact that the hydrocarbon radicle# mentioned by HslopUtas, white 
becoming lighter as they lose hydrogen, change their properties periodically 
m toe asms manner as to# elements change their®, according an the atom* 
grow heavier. 

The French proverb, La antique vst facile, maw tart ml dijflmle, how- 
ever, may well be reversed in the case of all such ideal view®, m it iti much 
easier to formulate than to criticteo them. Arising toon the virgin nod of 
newly-established facts, the knowledge relating to ton elements, to their 
mossw, and to the periodic change# of their properties lout given m motive 
for to© formation of utopian hypotheses, probably because they could tint bo 
foreseen by the aid of any of the various metaphysical systems, ami exist, 
Hk§ tot Idea of gravitation, as an independent outcome of natural iteteftce, 
requiring to® acknowledgment of general laws, when toes# have been c«f*te 
ltehtd with to® same degree of peraisteney as is hulispeuiwtote for the accept- 
once of a thoroughly established fact. Two centuries have elapsed since toe 
theory of gravitation wm enunciated, and although we do not umkmtend Im 
oauss, w© still must regard gravitation os* ftmdamonUi eoneepthm of natural 
philosophy, a conception which has enabled m to perceive much imm than 
tbs m©taphy«teian« did or could with tocir oimimlmmh A bundled 

* ft is noteworthy that the year te which tavrOatar mm bom (I74l)~>t!tu amte* «f 
toe Wes of etameats mrt at the indsstrwstifeihty «*f matter is later by mmMf wm 
oeatery than the year ia whloh the acitew of the theory of graritatfcm end mans mm kora 



years later tho conception or the elements arose ; it made chemistry wl 
now is ; and yot wo have advanoed as little in our comprehension of si 
eubstanoos since the times of Lavoisier and Dalton as we have in our tn 
standing of gravitation* The periodic law of the elements is only tw 
years old; it is not surprising, therefore, that, knowing nothing about 
causes of gravitation and mass, or about the nature of the elements, u 
not comprehend tho rationale of tho periodio law. It is only by colla 
established laws— -that is, by working at tho acquirement of truth— the 
can hopo gradually to lift tho veil which, conceals from us the causes o 
mysterios of Nature and to discover their mutual dependency. Lik< 
telosoopc and tho microscope, laws founded on the basis of experimen 
the instruments and moans of enlarging our meptal horizon. 

In the remaining part of my communication I shall endeavour to s 
and as briefly as possible, in how far the periodio law contributes to en 
our range" of vision. Eeforo tho promulgation of this law the chei 
elements wore more fragmentary, incidental facts in Nature ; there wj 
spooiai reason to expect the discovery of now elements, .and the now 
which woro discovered from time to time appearod to bo possessed of 
novel properties. Tho law of periodicity first onablod us to perceive u 
covered elements at a distance which formorly was inaccessible to chej 
vision ; and long ero thoy were discovered new elements appeared befor 
eye® possessed of a number of well-defined properties. We now know 
cases of elements whoso oristenoe and properties were foreseen by the ir 
mentality of tho periodio law. I nood but mention tho brilliant discovc 
gallium, which proved to correspond to eka-almnimum of tho periodio la’ 
Lccoq do Boiobaudran ; of scandium, corresponding to okaboron, by Ni 
and of germanium , which provod to correspond in aU respocts to okasi 
by Winkler. When, in 1871, 1 dosoribod to tho Bussian Chemical S< 
tho properties, clearly defined by the ^periodio law, which such elei 
ought to possess, I never hoped that I should five to mention their disc 
to the Chemical Society of Groat Britain as a confirmation of the exaci 
and tho generality of tho periodic law. Now that I have had the hap] 
of doing so, I unhesitatingly say that, although greatly enlarging our v 
even now tho periodio law needs farther improvements in order that it 
become a trustworthy instrument in further discoveries.® 

I win venture to allude to some other matters whioh chemistry ha 
■corned by mean® of its now instrument, and which it could not have 

• I fortmm some more row ©laments, bat not w s ith the same certitude aa befc 
ghftll give one example, and yet I do not see it quite distinctly, In tho series wliic 
talus Hg«*304, Pb»*5Wfl, and Bi*208, wo can imagine the existence (at tho place V 
of an element analogous to tellurium, which wo oan describe as dvi-tollurium, Dt, 1 
in atomic weight of SB, and the property of forming tho oxide DtOj. If this cl 
exists, it ought in tiro free state to be an easily fusible, crystalline, non-v 
mM of a grey colour, haring a density of about 0*8, oapable of giving a dioxide, 
equally endowed with feeble acid and basic properties. This dioxide must give on 
oxidation an unstable higher oxide, DtO* which should resemble in its properties 
ftnd Bi/V TM-tellurlam hydride, if it be found to exist, wflJboft less stable com 
than mm HjTo. The compounds of dri-tdlurium will be oosily reduced, and it wi! 
charaoterlitie definite alloys with other metal o. 


out without a knowledge of the law of periodicity, and X will confine myself 
to simple substances and to oxides. 

Before the periodic law was formulated the atomic weights of the elements 
wore purely empirical numbers, so that the magnitude of the equivalent, and 
the atomicity, or the value in substitution possessed by an atom, could only 
bo touted by critically examining the methods of determination, but never 
directly by considering the numerical values themselves ; in short, we werft 
compelled to move in the dark, to submit to the facts, iwatcful of being minders 
of them. X need not recount the methods winch permitted the periodic law 
at last to master the facts relating to atomic weights, and I would merely 
eaU to mind that it compelled us to modify the valencies of 4 mfium and 
ettrium, and to assign to their compounds a different molecular composition* 
Determination*? of tho specific heats of these two metals fully continued thn 
change. The tri valency of yt(ruim t which makes uh now represent its oxhta 
a® Y y 0., instead of ns YO, was also foreseen {in lH?0) by the periodic law, and 
it has now become so probable that Gl&vo, and all other subsequent invemif- 
gatom of tho rare metals, have not only adopted it, but have also applied if 
without any now demonstration to substance# m imperfectly known m them* 
of the oorito and gadolinito group, especially since lltlkbrand determined t!i© 
epooifio heats of lanthanum and didymiura and confirmed the expoetittumf 
suggested by tho periodic law. But boro, ©specially in the case of didymittm, 
wo moot with a series of difficulties long since foreseen through tho periodic 
law, but only now becoming evident, and chiefly arising from the relative 
rarity and insufficient knowledge of the elements which umatly necompiuty 
didymium. 

lotting to the reunite obtained in the ease of tho nure elements h&njlUum % 
mmimm, and Niantm, it £1 found that those Imm mmy point* of contact 
with the jMirbdh law. Although Avdktoflf long since proposed the magoeaia 
formula to represent beryllium oxide, yet there mm m much to bn said in 
favour of tho alumina formula, on account of the specific heat of the motel* 
and the isomorphism of the two oxides, that it became generally adopted 
and seemed to be well established. The periodic line, however, m linumer 
repeatedly insisted (« Boriehto/ IH7H, HT1 ; 1HH1, 5fl), was against the formula 
it required the magnesia formula BoD- that is, m% atomic weight 
of 9 ""because there wm no place in the system for an tdimwnt SAc beryllium 
having an atomic weight of lb’6, This dtvurgencn of opinion lasted for 
years, and 1 ofkn heard that the question m to tlw atomic weight of beryllium 
threatened to disturb tho generality of the periodic law* or, at any rate, to 
require iota# important modifioationa of it. Many forces wore operating tit 
th# eontroversy rtprdiag ktryUinm, evidently because a iiieett umm Im- 
portant question was at lisuo than merely that Involved is the diaeawton of 
tli# atomic weight of a relatively rare element : and during the eontroverey 
tho periodic kw become bettor tmd©retof*d» imd tho mutual niktioiw of tit# 
dtumonti became more apparent than over before. It in moat ramarkabk tliat 
th* victory of the periodic kw mm w on by the researches of the v«?ry observers 
who periously had discovered a number of facts in support of th# tri* 
valency at beryllium. Applying the higher law of Avopatro, Nikon and 

WikliyUMMMk tuajMk eftitivmm 4 tint a# 4k* MK*«UM>akat jtndT ikisa. k.Mit 


lium chloridOyABoCl 2 , obliges us to regard beryllium as bivalonfc in 
conformity with the poriodio law. 7 I consider the confirmation of Avddeffs 
and Braunory view as important in the history of the periodic law as the 
discovery of scandium, which, in Nilson’s hands, confirmed the existent?© of 
okaboron. 

Tho circumstance that thorium proved to bo quadrivalent, and Th » 232, 
in accordance with tho views of Chydcnius and the requirements of thl 
periodic law; passed almost unnoticed, and was accepted without opposition, 
and yet both thorium and uranium aro of groat importance in tho periodic 
system, as they aro its last members, and have tho highest atomic weights of 
aU tho elements. 

Tho alteration of tho atomic weight of uranium from U **120 into U «240 
attracted more attention, the cliango having been made on account of tho 
periodic law, and for no other reason. Now that Boscoe, Bammelsberg, 
Zimmorraann, and several others have admitted the various claims of the 
periodic law in tho case of uranium, its high atomio weight is received .with- 
out objection, and it endows that element with a special interest. 

While thus demonstrating tho necessity for modifying tho atomic weights 
of several iusullieicntly known elements, tho poriodio law enabled us also to 
detect errors in tho determination of tho atomio weights of sovoral elements 
whoso valencies and true position among other dements were already well 
known. Three such oases aro especially noteworthy: those of tellurium, 
titanium and platinum. Berzelius had determined tho- atomic weight of 
tellurium to ho 128, while tho periodic law claimed for it an atomic weight 
below that of iodine, which had boon fixed by Stas at 12G*5, and which was 
certainly not higher, than 127. Braunor then undertook tho investigation, 
and he has shown that tho true atomio weight of tolluriuin is lower than that 
of iodine, being near to .125. For titanium tho extensive researches of 
Thorpe have confirmed the atomic weight of Ti =» 48, indicated by tho law, 
and already foreseen by Uoao, but contradicted by tho analyses of Pierre and 
several other chemists. An equally brilliant confirmation of the expectations 
based on the periodic law has been given in tho case of the series osmium, 
iridium, platinum, and gold. At tho time of the promulgation of the periodic 
law, the determinations of Berzelius, Bobo, and many others gave the follow- 


ing figures 


Os - 200 ; Ir - 197 ; Pfe - 198 ; Au - 196. 


i Lot mo mention another proof of th© bivaloncy of beryllium which may have passed 
unnoifctxl, m it was only published in tho Russian chemical litcraturo. Having remark^ 
(in PM!) that th© disunity of such solutions of chlorides of metals, MCl n , as contain 200 
mols. of water (or a largo and constant amount of water) regularly increases as tho mole- 
cular weight, of the dissolved salt increases, I proposed to ono of our young chemists, 
M. lUtrdaliolT, that ho should investigate beryllium chloride. If its molecule be BeCl® 
its weight must bo HO; and in nuch a cos© it must bo heavier than the molecule of 
ICC! ** n% and lighter than that of MgCl 3 ** 03. On th© contrary, if beryllium chloride is 
a trichloride, BaOl 3 »190, its molecule must be heavier than that of OaOJ 2 »XU, tod 
lighter than that of MuCl s «Xft6. Experiment has shown the correctness of th© former 
formula, the solution BoCl # + 900H 2 O having (at I5°/4°) a density of 1*0188, this being a 
higher density than that of the solution KC1 + 200HaO (» 1*0121), and lower than that of 
hlgCtj + UtHtliyO ( * 1*0208). The bivaloncy of beryllium was thus confirmed in tho case 
both of the diisolted and th© vaporised chloride. 



Tho expectations of the periodic law a have been confirmed, first, by new 
determinations of tho atomic weight of platinu m (by Seubort, Dittmar, and 

Arthur, which proved to bo near to 100 (taking O • 10, as proponed by 
Marignao, Braunor, and others) ; secondly, by Benbert having proved that 
tho atomic weight of osmium in really lower than that of platinum, being 
near to 191; and thirdly, by tho investigations of Krta, Thorpe and 
Laurie, proving that tho atomic weight of gold exceeds that of platinum, 
and approximates to 197. The atomic weights which were thus found to 
require correction were precisely those which the periodic law had indicated 
as affected with error®; and it has been proved,' therefore, that the periodio 
law affords a moans of tenting experimental result?*. If wo succeed in dls» 
covering tlio exact character of tho periodic relationship?? between the 
increments in atomic weights of allied elements dlsemtHod by Hidberg in 
1886, and again by Baxaroff in 1H87, wo may expect, that our instrument 
will give us tho means of still more closely controlling the experimental data 
relating to atomic weight®. 

Let me next call to mind that, while disclosing tho variation of chemical 
properties, 0 tho periodic law has also enabled ua to systematically discuss 
many of the physical properties of elementary bodies, and to show that tho** 
properties are also subject to tho law of periodicity. At the Moscow Confront 
of Busman Naturalists in August, 1809, I dwelt upon lha rel&timni which, 
existed between density ami tho atomic weight of the elements Tho follow* 
ing yea® Professor Lothar Meyer, In his weibkmmn paper,* 0 studied the 
same subject In more detail, and thus contributed to spread infonnatlnn 
about tho periodic law. Late mu Carmriloy, Laurto, L. Meyer, Hobart** 
Austen, and several others applied the periodic system to represent the order 
In the changes of the magnetic propertk* of tho element*, their melting 
points, the heats of formation of their haloid compounds, and even of such 
mechanical properties as the coefficient of elamlrnty, the breaking atret#, do., 
&o. The®© deductions, which have received tether anpport in the dt*c«>very 
of now elements endowed not only with chemical but even with phyaiMl 
properties, which were foreseen by tho law of periodicity, wo well known ; 
bo I need not dwell upon tho subject, and may %mm to the con aid oration of 
oxides. 11 

• I plated them oat In tl» LUhitf* Anmhn, 0opp!#®«nt Ika4^ fill. l«th p» fit. 

• Thus, to the typical small period of 

Li, Do, B, 0, H, 0, F, 

w© sec at one© the p*egrc»«ie» from th© alkali natal* to th* acid **rh *# 

arc the halogens* 

w LUMg's Anm&m f Supplement BanA, vil iwttk 

44 A dlsfcfoot periodicity cun olio bo discover*! to th* of tti» elements. Thus 

the research©© of Hartley, Ciom&iaa, and ©ih*rt hum 4tet<*»d, ftnd, tto> h*m^gf 
of the speotta of aaologous abtaunita: secondly, that tto» ©Hurii utntols S *** vtsupbr 
spectra than the metidi of the following groups; and thirdly, that t k©r« Ia a imtimi !»*«. 
»cst between tlw comptioat*) epcclta of tom an th* t*n» hand, and lb* 

aotost complicate spoofa of chkrtn© and bromine on the «»th#r band, and tk^r HlraiuMa 
coirMnmds to the detect of beta*® thas# dtem**?!© •hueli u b*th* 


extent to which they combine with hydrogen, and that the turn of the number 
of equivalents of both must bo equal to 8, Thus ehloria©, which combines 
with 1 atom or 1 equivalent of hydrogen, cannot fix more than 7 equivalent* 
of oxygen, giving 0^0* ; while sulphur, which fixes 2 equivalents of hydrogen, 
cannot combine with more than 6 equivalents or 8 atom® of oxygen. It thus 
become® evident that we cannot recognise m a fundamental prtqwriy of the 
elements the atomic valencies deduced from their hydrides; and that we 
mast modify, to a certain extent, the theory of atomicity if we desire to rmm 
It to the dignity of a general principle capable of affording an insight into the 
constitution of all compound molecules. In other words, It in only to carbon, 
which is quadrivalent with regard both to oxygen and hydrogen, that wo can 
apply the theory of constant valency and of bond, by meant of which to many 
still endeavour to explain the structure of compound molecules. But X should 
go too far if X ventured to explain in detail the conclusions which can ho 
drawn from the above considerations. Htill, I think it mommiry to dwell 
npon one particular fact which must bo explained from the point of view of 
the periodic law in order to clear the way to its extension in that portfoulaar 
direction. 

The higher oxides yielding salts the formation of which wan foreseen fey 
the poriodlo systsm—for iastasoo, in the short §tni#» beginning with sodium** 

H%0, MgO, AXg 0 |t EiO if F t O p SO § , C\Q n 

mutt be clearly dlstlngnishod from tho higher degrees of oxidation which mr* 
respond to hydrogen peroxide and bear the true ehsmotor ©f peroxides. For* 
oxide® suoh as Ka a O s , lM m mil tho like have long taxi known, ilmfiw 

l? Formerly it was supposed that, being a btmfoui element, oxygen can enter into mj 
grouping of th« atoms, and there was no limit m to tho MKtssI to wlilcli it oottld 

further enter into oombiuutkm. We could not exphOti why bividwl sulphur, wlhfeh fa»a 
oompomuls inch m 

O «“*«<>• 

cbuld not tlso icro«Id«§ sooh as— 


<£S> * s <£2>°> 





peroxides have also recently become known in the case of chromium, sulphur* 
titanium, and many other elements, and 1 have sometimes heard it wud that 
' discoveries of this kind weaken the conclusions of the periodic law in so far 
as it concerns the oxides, I do not think no in the least, and I may remark* 
in the first place, that all these peroxides are endowed with certain properties 
obviously common to all of thorn* which distinguish them from the actual, 
.higher, salt-forming ©lidos, especially their easy decomposition by meant of 
simple contact agencies ; their incapability of forming Halts of the common 
type ; and their capability of combining with other peroxides (like the faculty 
which hydrogen peroxide ptsstsms of combining with barium peroxide, dis- 
covered by Behotme). Again, wo remark that Home groups are especially 
characterised by their capacity of generating peroxides. Such is, for Instance, 
the case in the sixth group, where wo find the well-known peroxides of 
sulphur* chromium, and uranium; no that further investigation of peroxides 
will probably establish a now periodic function, foreshadowing that molyb- 
denum and tungsten will assume peroxide forms with comparative readiness. 
To appreciate the constitution of such, peroxides* It h enough to notice that 
the peroxide form of sulphur (so-called permilphurid acid) stand* in the sum* 
relation to sulphuric acid as hydrogen peroxide stands hi water ■ 

11(011), or Il a O, responds to (OH)(0H), or H*O t , 

And fib also— 

11(1180*), or H a 80*, responds to (l!80 4 )(il80*), or li/l/V 

Similar relations axe mm everywhere, and they correspond hi the principle 
of substitutions which I long since endeavoured to represent as mm of the 
chemical generalisations called into life by the periodic taw. Ho also 
sulphuric acid* if considered with reference to hydroxyl, ami represented m 
follows— 

110(80,011), 

fans its corresponding compound in dithionie acid— 

(BO/HIKHOjjOH), or 11,8,0** 

Therefore* Also* phosphoric add, fl0(i*0ff # 0 4 ), lias, in the sain# mmm t its 
oomspcmdlng compound In the nufaphosphorie add of HsJitattr 

(IK) 11,0,) ( 1*011*0,), or 1 Ijy\; 

end we mutt suppose that the peroxide compound euireepondisi# to phosphoric 
add* If It hi discovered, will have the following structure 

(HjPO*). or K # a*H>,» 

So far as is known at present* the highest ton** of peroxides is met with in 

19 fa this oxaJUtt add, (COOtJ)^ at** mttm&mU to autoni* arid, i Ulp rt « *11), 
In tfet fisnu* way that dUfafouo arid to atttphurto «ufapt»i«}<U>.;r»9 

add to phosphoric* ; hens*, if a porutolw Mmwpotiilittg to earUmm arid t m **hWhm \ 4 
ft will haft the slnistwt id (if CO*)* or BMi»ll«0 ♦ Cfp #* fcfo also tool »«*#! tutva 

a real ttorodde. PkCk. 


lb© peroxide of uranium, U0 4 , prepared by Fairley ; 14 while 0s0 4 h the 
highest oxide giving salts. The line of argument which is inspired by the 
periodic law, so far from being weakened by the discovery of peroxides, is 
thus aotually strengthened, and wo must hope that a further exploration of 
the region under consideration will confirm tbo applicability to chemistry 
generally of the principles deduced from tho periodic law. 

Permit mo now to conclude my rapid sketch of tho oxygon compounds by 
the observation that tho periodic law is especially brought into evidence in 
tho case of tho oxidos which constitute the immonso majority of bodies at our 
disposal on tho surface of tho earth. 

* Tho oxides are evidently subject to tho law, both as regards their chemical 
and their physical properties, especially if wo tako into account tho cases of 
polymerlsm which are so obvious when comparing C0. 2 with SiA*. In order 
to prove tins I give tho densities $ and tho specific volumos v of tho higher 
oxides of two short periods. To render comparison easier, the oxidos are all 
represented as of tho form RA* In tho column headed A tho differences 
are given between tho volume of tho oxygon compound and that of tho parent 
element, divided by n — that is, by tho number of atoms of oxygon in tho 
compound u 


^ A 

Na^O 2*6 24 - 22 

Mg a O a 8*0 22 -8 

AlA 4*0 20 + F8 

6i>0 4 2*05 45 5*2 

FA .... 2*89 69 6*2 

BA 1*90 82 8*7 


a. v. A 

K a O 2*7 85 —55 

C%0 8*15 86 —7 

8c A ...8*80 85 0 

Li A 4*2 m *»* 6 

VA 8*49 52 6*7 

CrA $-74 78 9*5 


I have nothing to add to these figures, except that like relations appear in 
other periods m well. Tho above relations were precisely those which mad© 
it possible for me to be certain that tho relative density of okoailicon oxide 
•would bo about 4*7 ; germanium oxide, actually obtained by Winkler, proved, 
In fact, to have the relative density 4*708. 

The foregoing account is far from being an exhaustive one of all that has 
©Jroady boon discovered by moms of tho periodic law telescope in the bound- 
lew realms of chemical evolution. Still less is It on exhaustive account of all 
that may yet be seen, but I trust that the little which I have said wiU account 


u Tho compounds of uranium prepared by Fairley worn,, to mo especially instructive 
la understanding tho peroxides. By the action nf hydrogen peroxide on uranium oxide, 
tJO|, a peroxide of uranium, UO^dHgO, l 0 obtained (U e*HA0) if the solution be .acid; but 
if hydrogen peroxide act on uranium oxide In the presence of eaustio soda, a crystalline 
deposit is obtained which ban the composition N&4XJ00,4BA and evidently is a combina- 
tion of sodium peroxide,' N»A» with omnium peroxide, UO*. B Is possible that the 
former peroxide, TO^BfO, contains the elements of hydrogen peroxide and uranium 
peroxide, U A, or even U(OH}@,EA»hk® the peroxide of tin roccntly discovered by 
Spring, which has the constitution BnAAQt* 

A thus rojnresents the average increase of velum© for ©adh atom of oxygen oon* 
talned in the higher salt-forming oxide. The arid oxide* give, as a rule, a higher value 
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for tho philosophical interest attached in chemistry to this law. Although 
but a recent scientific generalisation, it has already stood the test of laboratory 
verification, and appears as an instrument of thought which has not yet been 
compelled to undergo modification ; but it needs not only now applications, 
but also improvements, further development, and plenty of fresh energy. AH 
this will surely come, seeing that such an assembly of mm of science as the 
Chemical Society of Great Britain has expressed tho desire to have tho hit* 
lory of the periodic law described in a lecture dedicated to tho glorious name 
of Faraday. 



APPENDIX III 


AEGON, A NEW CONSTITUENT OF THE ATMOSPHERE. 

Written bit PROFESSOR MENDEL $EFP IN FEBRUARY 1895. 

Til® remarks made in Chapter V., Noto 16 bis respecting tho newly discovered 
ooiMtituent of the atmosphere are here supplemented by data (taken from 
the publications of tho Royal Society of London) given by the discoverers 
Lord Rayleigh and Professor Ramsay in January 1895, together with obser- 
vations made by Crookes and Olszewiky upon the same subject* 

This gag, which was discovered by Rayleigh and Ramsay in atmo- 
spheric nitrogen, was named argon 1 by them, and upon tho supposition of 
It® being an element, they gave it the symbol A. But its true chemical 
nature ia not yet fully known, for not only has no compound of it boon yet 
obtained, but it has not even been brought into any reaction. From all that 
is known about it at the present time, wo may conclude with the discoverers 
that argon belongs to those gases which arc permanent constituents of tho 
atmosphere, and that it is a now element. Tho latter statement, however* 
requires confirmation. We shall presently see, however, that the negative, 
chemical character of argon (its incapacity to react with my substance), and 
the small amount of it present in tho atmosphere (about 1 J per coni by 
volume ha the nitrogen of air, and consequently about 1 per cent by volume 
In Mr), m well at the recent date of its discovery (1894) and tho difficulty 
Qf its preparation, are quite sufficient reasons for tho incompleteness of the 
existing knowledge respecting this element. But since, so far as is yet known, 
we are dealing with a normal constituent of the atmosphero * the 

* From the Greek A/yyfcj#— inert 

* w» In Note 16 bl», Chapter V., 1 mentioned that, judging from the spcciflo gravity 
of argon, it might possibly bo polymerised nitrogen, N a » bearing the tame relationship to 
nitrogen, N* that oaoae, 0*, bears to ordinary oxygon. If this idea were confirmed, sIQfc 
one weak not Imagine that argon was formed from the atmospheric nitrogen by those: 
weetia» by which It wee obtained by Rayleigh arid Ramsay, but rathe* that it arises 
horn Ac nitrogen of the etmonphero under natural conditions. Although this groperitloa 
te not quite destroyed by rib# more recent reunite, nidi It it contradicted by tho fact that 
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existing data, notwithstanding their imralfiaxontly definite nature, should 
find a place oven in such on elementary work an the present, all the more an 
the names of ltayleigh, Ramsay, Crookes and Olnzewsky, who have worked 
upon argon, are among the highest in our science, and their researches among 
the most difficult. 51 These researches, moreover,, were directed straight to 
tho goal, which was only partly reached owing to the unusual properties of 
•argon itself. * 

When it became known (Chapter V., Note 4 bis) that tho nitrogen obtained 
from air (by removing the oxygen, moisture and CO* by various reagents) 
has a greater density than that obtained from the various (oxygen, hydrogen 
and metallic) compounds of nitrogen, it was a plausible explanation that the 
latter contained an admixture of hydrogen, or of some other light gas lower* 
ing the density of tho mixture. But such an assumption is refuted not only 
by tho fact that tho nitrogen obtained from its various compounds (after 
purification) has always the same density (although the supposed xmpuntieo 
mixed with it should vary), but also by ltayleigh and Uunmay'n experiment 
of artificially adding hydrogen hi nitrogen, and then panning the mixture over 
red-hot oxide of copper, when it was found that the nitrogen regained its 
original density, t.c* that tho whole of the hydrogen wan removed by this 
treatment. Therefore tho difference in the density of the two varieties of 
nitrogen hud to be explained by the presence of a heavier gnu in admixture 
with the nitrogen obtained from the atmosphere. Thin hypothmda wan con- 
firmed by the fact that ltayleigh and Kamaay having obtained purified nitrogen 
(by removing the 0„» CO* and H a O), both from ordinary air and from air 
which ‘had been previously subjected to utmolyms, that in which had been 
passed through porous tubes (of burnt clay, e,y, pipestem), surrounded by a 
rarefied space, and 10 deprived of its lighter conutittumUi (childly nitrogen), 
found that the nitrogen from tho air which hail been subjected to utruolytdt 
was heavier than that obtained from air which had not been mo treated. This 
experiment showed that the nitrogen of air contains an admixture of a gas 
which, being heavier than nitrogen itutdf, 3 diffuses more slowly than nitrogen 

Ho subject it to a# high a temperature *m* possible. And the jw-wtibiliiy of nitrogen 
polymerising is all th« more odmisaihlo from the fist that the aggreumtliMi of in* atoms 
la the moieaul* is not at all unlikely, and that |tolymorise*l nitrogen, judging from instiy 
.oxainplea, might be Inert if tho polymerisation were «u**iti»|«M>hN! hy the evolution id 
h#at» Xu* the following footnotes l frwpnmUy return to this hypothesis, tmt only beratuMi 
X have not y«fe met any facts definitely eontridietury In it, but also Imnmnm the chief 
propertbi of argon agree with it to a certain extent. 

* The chief difficulty in investigating argon he* in the tael that ite require# 

the ®mpley»®**t of a large quantity at air, which has to lm tvesimt will* * (mother of 
different rssgsats, whose perfect purity (especially that of wnj will *lw*y* tm 

doubtful, ond argon haafinit yet been transferred to a tmUtnm*? in which it etmU! t«» eaaity 
purified. Perhaps the ci»i»i*kribte solubility of argon t« water for in other suitable 
llqttkk, which have not apparently yet been tried) may give Urn ui«mw» of doing »»*, and it 
ttay b§ possible, by coUeetiog the sir expelled frofti boiling water, to obtain a rudeur souvo* 
of tip limn ordinary a hr. 

♦ * * » *»i*ht sits hi sappoiud that this heavy ga» is Mpsrsled by tlw cuppar mlmm tit* 
Mw ftfesoebt tbs oxygen of, th® air $ bat inch a supposition is *«4 only Imprubsbl* In 


through tho porous maforiaL It remaiuect therefoteyto separate this im- 
purity from tho nitrogen. To do this Kayloigh and Bamsay adopted two 
methods, converting tho nitrogen into solid and Liquid substances, either, 
by absorbing tho nitrogen by heated .magnesium (Chapter V., Noto 6, and 
Chapter XIV., Noto 14), with tho formation of nitride of magnesium, or else 
by converting it into nitric acid by tho action of oloctrie sparks or tho presence 
of an excess of air and alkali, as in Cavendish’s method. 3 In both cases 
the nitrogen entered into reaction, while tho heavier gas mixed with it 
remained inert, and was thus able to bo isolated. That is, tho argon could bo 
separated by those moans from tho excess of atmospheric nitrogen accom- 
panying it. 4 As an illustration, wo will describe how argon was obtained 
from tho atmospheric nitrogen by moans of magnesium. 3 To begin with, 
it was discovered that when atmospheric nitrogen was passed through.a tube 
containing metallic magnesium boated to bodiless/ its specific gravity rose to 
14*88. As this showed that part of tho gas wai absorbed by tho magnesium, 
a mercury gasometer filled with atmospheric nitrogen was taken, and tho 
fcas drawn over aoda-limo, PA. heated magnesium and then through 
tubes containing red-hot copper oxide, soda-lime and phosphoric anhydride 
to a second mercury gasometer. Every time tho gas was ropassed through 
the tube®, it decreased in volume and increased in density. After repeating 

©I the metals, like FoO) besides red-hot copper, and that fclxo nitrogen obtained is always 
Just m heavy. Betides which, nitrogen is also set free iron* its oxides by copper, and the 
nitrogen thus obtained ia lighter. Therefore it is not the copper which produces the 
heavy gw— fa. argon. 

i fee ’p, j,n worthy of note that Cavendish obtained a small residue of gas in con- 
verting nitrogen into nitric acid ; but he paid no attention to it, although probably ho 
had in his hands tho very argon recently discovered. 

4 When in these experiments, instead of atmospheric nitrogen tho gas obtained from 
fts compound wa?i taken, an inert residue of a heavy gas, having tho properties of argon, 
was tdto remarked, but iU amount was very small. Rayleigh and Ramsay ascribe tho 
formation of this residue to the foot that the gas in these experiment# was collected over 
water, and a portion of tho &l»»lv#d argon ia it might have passed into ths nitrogen. At 
ths authors of this supposition did not prove it by any spooUl experiment!, it forms a 
weak point to their olaasloal rosoaroh. If it bo admitted that argon hi Ns, ths fact of its 
being obtained from ths nitrogen of compound# might bo explained by ths polymerisation 
of a portion of the nitrogen in tho act of reaction, although it is impossible to rotate 
Rayleigh and Earn nay's hypothesis of it# being evolved from tho water employed ia <du> 
smuipulAtion of tho g*M»s. Throe thousand volumoi of nitrogen extracted from its 
compound* gave nlwtut throe volume# of argon, while thirty volume# were yielded by tho 
•ante amount of atmonphorlo nitrogen. 

* The pri’parotion of argon by tho eonvitraton of nitrogen intjp nitric acid k complicated 
by tho mmmalty of adding a largo proportion of oxygon and alkali, <?! piuwlng.ius eloetrto 
discharge through tho mixturo for a long period, and then removing th# remaining 
oxygon. Alt. this was repeatedly das m by the auttora, but this method ii for mow 
ccmplix, both to practice and theory, than the preparation of argon by meani of 
tntgnssltust, Jhottk 100 volume# of sir subjected to conversion Into BNOf* 0*70 volume 
of Afgcm wore obUIuikt after absorbing tho excefi# of oxygon. 

<& In these and tho following experiments tho magnesium wm placed in m ordinary 
hard gkiit tula*, and heated in a gw§ furnace to a temperature almost sufficient to soften 
the glam The currant of gas must bo very slow (a tub© containing ft small quantity of 
»*» a. ft a the beat evolved in tie-, formation of th® 
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this for th& flays 1,600 c.c. of gm ware reduced to 200 oo., and the density 
increased to 10*1 (if that of « 1 and N a - 14). Further treatment of the 
remainder brought th© density up to 19*09. After adding a ®m®H quantity 
of oxygon and repairing the ga§ through the apparatus, the density rose to 
20*0. To obtain argon by thin prooom Ramsay and Rayleigh (employing a 
mercury air pump and mercury gasometers) one© treated about 160 litres of 
atmospheric nitrogen. On another occasion they treated 7,926 c.o. of air by 
the oxidation method and obtained 06 c.o, of argon, which corresponds to 
0*82 per cant. The density of the argon obtained by this means was nearly 
19*7, while that obtained by the magnesium method varied between 19*09 
and 20*68. 

Thus the first positive and very important fact respecting argon m that 
its specific gravity is nearly 20— that is, that it is 20 times heavier than 
hydrogen, while nitrogen is only 14 times and oxygon 18 times heavier than 
hydrogen. This explains the difference observed by Rayleigh between th© 
densities! of nitrogen obtained from its compounds and from the atmosphere 
^Chapter V., Not© 4 bit). At O’* and 700 nun, a litre of the former gm weigh* 
1*2600 grm., while a litre of the latter weighs 1*2672, or taking 11 - 1, th® 
density of th© first « 18*910, and of th© latter » 18*991. If the density of 
argon bci taken m 20, it in contained in atmospheric nitrogen to the extent of 
about 1*28 per cent, by volume, whilst air contains about 0*87 per con t. by 
volume. 

When argon had boon Isolated the question naturally am#©, was it a new 
homogeneous substance having definite proparthMi or was it a mixture of 
gases V The former may now bo positively assorted, namely, that argon in a 
peculiar gw previously unknown to chemistry. Such a conviction is in tin# 
first place established by the fact that argon hm a greater number of nega- 
tive properties, a smaller capacity for reaction, than any other simple or 
compound body known, Th© moat inert gas known in nitrogen, but argon 
far exceed© it in this respect. Thus nitrogen is absorbed fit a rod heat by many 
metal*, with th© formation of nitrides, while argon, as in mnm in the inode 
of Its preparation and by direct experiment, doe* not iuwmm» this property. 
Nitrogen, under the action of electric sparks, combine* with hydrogen In the 
presence of aetdi and with oxygen in the presence of alkali®, while argon la 
unable to do so, m l« mm from th© method of separation from nitrogen, 
Rayleigh and R«i»ay also proved that argon is unable to react with ohlnrtao 
(Ary or moist) either directly m wider th© action of an <d<Mirta discharge. or 
with phosphorus or sulphur, at a red heat. Hodiirni, potaMhifn, and tellurium 
may be AMUsd hi an atmosphere of argon without change. Fused mmtm 
soda, ineandoaoont soda-Urno, molten nitre, rod-hot |Mtr®*ld* of sodium, 
and th© potysulpliidss of calcium and sodium also do imt react with arguii. 
Platinum black docs not absorb it, and spongy platinum In tumble to m*nt« m 
motion with oxygen or chlorine. Aqua regia* bromine wat *r. and a mixture 
of hydrochloric acid and KMa0 4 wore also without action upon argon, 
which it is evident from th© method of its preparation that li m nut noted upon 
t*yra&bot oxide of copper. All these fats exclude toy wmMhty of mmm r«»«. 


confirmed by four observed positive properties possessed by it, 

are 

1. The spectrum of argon observed by Crookes under a low press 
GeUslor-riUckor fcuboa) distinguishes in from other gases. 7 It was 
by this moans that the argon obtained by moans of magnesium is it 
with that which remains after the . conversion of the atmospheric n 
into nitric acid. Like nitrogen, argon presents two spectra pro&i 
different potentials of tho induced current, one being orange -rod, th 
steel-blue ; the latter is obtained under a higher degree of rarofacti 
with a battery of Leyden jars. Both the spectra of argon (in conferadis 
to those of nitrogen) are distinguished by clearly defined lines. 8 1 
(ordinary) spectrum of argon lias two particularly brilliant and charac 
rod lines (not far from the bright red line of lithium, on the opposite 
the orange band) having wave-lengths 705*04 and 090*50 (me ' 
p. 505). Between these bright lines there are in addition linos wit 
lengths 008*8, 505*1, 501*0, 555*7, 518*58, 510*5, 450*95, 420*10, 415 
894 * 85 . Altogether 80 lines have been observed in this spectrum anc 
tho blue apectrum, of which 20 are common to both spectra. 0 

2> According to Bayleigh and Itamsay tho solubility of argon i; 
la approximately 4 volumes in 100 volumes of water at IT* This 
is nearly 2| times more soluble than nitrogen, and its uolubil 
proaches that of oxygen. Direct experiment proves that nitrogen o 
from air from boiled water is heavier than that obtained straight fr 
atmosphere. Thin again m an indirect proof of tho presence of tu 
air. 

B, The ratio h of the two specific heats (at a constant pressure 

f The greatest brilliancy of the spectrum of argon is obtained at a tension o 
while for nitrogen it is about 75 nun. (Crookes). In Chapter V,, Note 15 bis, i 
that tUii mam blue lino observed In tho spectrum of argon is also observed in that 
of nitrogen. This is a mistake, since there is no coincidence between th® blue 
the argon and nitrogen spectra. However, we may add Chat for nitrogen the J 
moderately bright lines are known of wave-lengths 555, 574, 544, 615, 467, 44%' 
436, which are repeated in the spectra (rod and blue) of argon, Judging by 
mmumbes (1506) \ hut It is naturally kaposslbk to M»#rt that there i« perfoct 
until Dome apodal comparative work hm ton done in this subject, which Is very i 
and more especially for the bluish-violet portion of the spectrum, more par 
between the lines 44*2-486, m these linos are distinguished by their brilliancy in 
argon and nitrogen sjavetra. Tho above- mentioned imposition of argon being pel; 
nitrogen (Nd, formal from nitrogen (H 9 ), with the evolution of heat, might fi 
support should it be found after careful comparison that oven a limited m 
Upwind lines coincidiMil. 

» At first the spectrum of argon exhibits the nitrogen lines, hut after a cart 
those hues disappear (under the influence of tho platinum, and also of A1 and 
with the latter tho spectrum of hydrogen appears) and leave a pure argon tptet 
dons not appmy dew to me whether u polymeriwation her® tek®» place or ; 
ah»rptl©n. Perhaps the domdato of fids question would prove importer 
history of argon. It would bo dsthabte to know, for lnvUno% whether the v< 
ergon changes when it is first subjected to the action of the daetrie discharge. 

0 Cruoksi supposes that argon eontains a mixture of two gases, but m ho 
Mweooi for ’thin, beyond certain poculiarito of a ipootroicopid ckrwtor, wo 
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a constant volume) of argon was determined by Rayleigh and Ramsay hy lb® 
method of the velocity of Round («cc Chapter XIV., Not® 7 and Chapter VII,, 
Note 20) and wor found to ho nearly ,1*60, that ia greater than for thos® %tmm 
whoso raolecolofi contain two atoms (for instance, (X)»Ite,N g » air, t%c,, for 
which' h ie nearly 1*4) or those whoso molecules contain throe utoniH (for 
instance, CO a ,N # 0, (fee., for which k is about Ml), hut closely approximate* 
to the ratio of the specific heats of mercury vapour (Kundt and Warburg, 
h • 1*67). And &§ the moloeulo of mercury vapour contain* one atom, ho it 
may he laid that argon ie a simple gaseous hotly whose molecule contains 
one atom.* 0 A compound body should give a smaller ratio. Tim experi- 
ments upon the liquefaction of argon, which wo shall presently describe, speak 
against the supposition that argon is a mixture of two gases. The import- 
ance of the results in question makes one wish that thotfotnrxuinftticuiN of the 
ratio of the specific heats (and other physical pmjH’rtten) might, bo emiftrinocl 
with all possible accuracy,** If we admit, as w«* are obliged to do for tlm 
present, that argon is anew element, its (tenuity chows that tin atomic weight 
mu®t ba nearly 40, that is, near to that of K «HI and (a ** 40, which doe* 
not correspond to the existing data respecting the periodicity of the properties 

w This portion of Rayfoijth and lUntMy'a research m dt«*#r*## iwiktifor Aftfonlinn m $ 
«o far, *»c» iatmtaace mknuwi* whea« m«4»s?i»ht rmihdu* hut »»u*» wMu. \V«ir# ii 

»0t for Um ots>vo doternunatinnw, at lidtfht h# thought that having a duiunty $0, 

I um a complex molecule, and tmy ha a <*>uu*mnd vr j**lymmi«**d fo*dy. for in»t#m **, Nj, 
or NX*, or in gonoml %» ; hut an the matter stands, it can only he *«o4 that «dthi*r ft) 
nurgon in a new, peculiar, and epute ttmumsl eteimmtary •tifatAitr#, »•«««*■» there m m» 
maaim for assuming it to contain two simple paws, or pi) the tnatftutmfo, 4 itl$« **»!»*» of 
thi sp#«IIe lts«yto)doM not only defwtiit npw tho tsmte of »fom» rmitmtmd ia th*§ 
mol«ooli»ftt but also upon tlio whim of internal energy (internal itHdum «f tl»r At»*tn« in 
Hie molositls), Bhmild tlm tetter b admitted, li would follow that lb r»**d#«*d«jj* *,f vrry 
Milts gaseous (dottwrots would mrm*prm4 tea smaller k thaw flint# of ether £««»>* hiring 
an oqttnl number of ntem* in their rwdrmte, Hindi a gm fo rhform#, for which 4~ I Hi 
(Chapter XI V., Note 71. four ga»#« having a small ch «’»»«*,*! ««nrr£Y, »»t« *h# mmlrary, a 
larger magniludn would ta» mt par ted for A I think thro ijnrUi-na mis hi l»*t jwi»»tff 
tallied hy determining k for mono (O s i and mitphur (H,.1 fot #tenif mar* f» other w*mh, 
1 would suggest, though only provianmAlly, that the magmltute, k ~ l ig «>hUi„ r d t*w 
ftfgon might provn In tgre# with th« h?j«4b*mi# thnt »a N s , forme.) from N.j with 
tfeii svoltitkm of tost or loss of energy, Iter# argon give# H«# V, «}«*«%** ten » «,f primary 
ImpovtiilM*, sad 11 ii to b# hojwd that further f*«mtfr>li will throw **-nw light «j*o»» *h*u«, 
In Unit VMHsrks, I only wish to rtear th« mml for furl her gwgme m «h « #i«4y 

of wppa, »d of Ihn iftiwthms ite|*#ndu*^ m it. I tn#y ate* rmnork il»t if m 

fonMd wlllr Utt Sfnlttlitm of h#%h it# mwprthm lute nitrogen. W |4 and imu* mttote 
oompoottli (t&* foshmet, kiwn mtrhtem nitride of Utenitmd uu^hi only pU#*> mi * 
lii^t tentpimtuw, 

u Wlthrmt hnvinjx 4h« »liiht«ii tmmn t*n the fi f nu4 

MmatMlioRS, 1 Drink 14 nmrnmtf fo My tteif »» y»t (|vVni«ty jWi f A ,,| 
Cttly MqttOititod with 111# short memoir of the stmt# #h#*fti#te in the * |*r»roe>u»tf« , f S | us 
Bojil fioofoty/ which doss *rt give soy «te*orlptio» »d ih# m#tte»te nnf»foyrd #»•*! r »*idt« 
MMnsAt whflt&tthn«4 (In th» fwinml *»»#dwsion#l tls» r;t p» c ,* 4 

tt to Umi ahnpls Mttsro ^ osyrto* tfnwmywr, it mmn* t*» f«$# rfors ( 3 ^* 4 # |o| 
iSmttmstb«ft dspstta^ms of k upm thm «H mmUrni »o#rfy. «|»i r li # ii I* n i 

timtfimk tirndkr of th» sm iUf telih wd !#»»*? fonlr In itetewiititiw k fit 


of tho olomonts in dopondonco upon thoir atomic weights, for then 
reason on the basis of existing data, for admitting any intermediate el 
between Cl « 35*5 and K » 39, and all tho positions above potassium 
period to syatitm are occupied. This rondors it very desirable that the *1 
of sound in argon should bo ro-dotorminod. ia 

4. Argon was licpiofiod by Professor Olszowsky, who is well known 
classical nmnarehoH upon liquefied gases. Thoso rosoarohos have an e 
interest mrum they fehow that argon exhibits a porfoot oonstaney 

w If it nhimlil l*e found that k for argon is lens than 1*4, or that Jo is depend* 
the chemical energy, it would be possible to admit that tho molocule of argon 
not one, but several atoms— for instance, either (then tho density would be 2 
in near to the observed density) or X,;, if X stand for an clement with an atomic 
near to ft*7. No olomtmta are known between II® 1 and Li « 7, but perhaps t 
exist. The hypothesis A^40 does not admit argon into tho periodic system, 
molecule <4 argon Ik* taken as Aj—a-c* tho atomic weight as A =>20 — argon ap- 
finds a place in Group VIII., Iwatweea F«19 and Na»20; but such a position co 
be justified by the c-rmsideration that elements of small atomic weight bolonj 
category <4 typical elements which offer many peculiarities in thoir proportii 
Otwm (in comparing N with the other elements of Group V., or 0 with those of Gj 
A part from this thorn appears to me to bo little probability, in tho light of tho 
law, in the position of an inert substance like argon in Group VIII., between sue 
elements a# fluorine and sodium, mi the representatives of this group bythei] 
weights and also by their properties show distinct transitions from tho element 
lout grmqw} of th«s uneven series to tho elements of the first groups of tho oven soi 
Instance, 

Group VI. TO. TOL I. IL 

Or Mn Fc,Co,Ni Cu Zn 


While If we place argon in a similar manner, 

VI. VII. VIII. X. H. 

P»XP A®»20 Na»29 Mg**24 


although from a numerical point of view there is a similar sequence to tho &h 
from a chemical and physical point of view tho result is quito different, as th< 
«uoh itMomblance tmiwmm tho proportion of O, F and No, Mg, os between Cr, 
Oo Zn. I repeat that only the typical character of the elements with smal 
weights can justify the atomic weight A® 20, and the placing of argon in Groi 
amongst the typical dementi j then N, 0, I* , A ore a senes of gases. 

It appears to me simpler to assume that argon contains N 3 , especially as 
pwiwmfe in nitrogen and accompanies it, and, as a matter of foot, none of tho < 
firewrtlcs of argon art? contradictory to this hypothesis. 

Timm observations were written by mo ia tho beginning of February 1895 
the tilth of that month l received a letter, dated February 25, from Professor 
informing me that * the periodic classification entirely corresponds to its (argohh 
weight and that it even gives a fresh proof of tho periodic law/ Judging i 
nhmvIim of my English friends. But in what these researches consisted, and 
nhwtt agrtaunent between tho atomic weight of argon and the periodio system wa 
** h not referred to in Urn letter, and wo remain in expectation of a first publi< 
«u. work of Lor.1 Kayloigt. and ^ trimm 

B»m ir » mol brfnro tlio ltoy«l Booiety, Jamuuy 81, 1898, Polmiaiy 18, 

May St], 1898, awl a pap« pnblUhad in the Ohamioal Sooirfy’a Transaotioi 
“ For aUtmeta of to. and other papers on argot, and balium, and oo 


proportion In tho liquid imd critical ntutoa, which almrud 11 ilhptmm of thn mip. 
position that it contains ft mixture of two or more unknown psiaoo. As the 
first experiments showed, argon muniii* a gm under a pro«’-mrn of UKI 
fttmonphoroH iwul lit a toinporatuFii «»f ~U*V' ; thin tndieiUed that it*» critical 
tmnpomturo wnsi prtdmbly below thin teiiipfimturi*, an \vm linked found to 
bo tho cft»o whim Urn tomprraturo was lowered to* «• 11 by iiiniun of 

liquid nthykim. At thin tomprraturo argon easily liqu* Ikn to n enlrnirkmi 
liquid umkr 8H trtmoflphwmu The miminemi begum to dumppmu* nt between 

There only mint inn the very remote jwwi-a,bihty that arg-m i.m-mia, ,.f w mutur,' of 
two ipwip having very nearly th«« «isin« |*r*>j«*rtm*. 

H The following did a, given by f ip^wdty, tiupplnum! lh« dat-% given in i*| i(A pUnf If,, 

Not* *JP, U|*t»n liquefied giV«rfl. 
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where if 11 tlw almotuto kritiiml) iftdhnjf point, pe ih» pm «*«*?» p-»Ue-*J| in *4ti»o»|*hei»» 
CORWNpottdtttK to it, t the hulling |««*iut UUwl.r a *d mm J, #, lh« in«dtuig point, 
cuml n the sjmriflfi gravity in r* liquid *t*t*» nt * 

The above nhown that nrgnn Mi il« properim* in a liquid »l*ta at and* «*«r*r u* rt*yf*%# 
|«li it *vl»u4i»i ill Hi** mdttbthty), hnl that alt I he te«n|*?r*ior«** relating t>* H ife* $, ».«d | 4 ) 
wm higher Mum for nitrogen. Tine fully I>*4 « id* t*» th*» higher d»n&«ly *4 

bat *dlW tft the hfpuiheii* that it runlaina N*. And a» the boding jxunt »d «i*?mu dole*# 
from that of nitrogen will oxygen by k*« than 4tt\a*»d »i» »l» *n iA w»**H, »t 14 B»»y iti 
ntMutil h«w Ihwnr (OftUh win* tiled hi it fn»»» liquid air and *»«t«*>g»ai by 

fr»*sU*mid disttllathm, wan nimbi* «*». Th» tint and U»i |»'ftm»« *«.»*. »d*mtn'*h 
ami nitrogen from «Jr abound tm in it<* hqmdavU.-n fo-m that .>bu,i»nd tnm% 

Usrmiqmtltide, nr from that whhh had been j»*«*rd Ihiotigh a Iub« , ^u>im, 4 ? inv 4 nde««r»ut 
magnmiiim. Btlll, it ia tint quite ele*r why 1 4h hinds * f »U*o b--in t j |>a*w»| 

over th« iwngnuiinm if* Ihmar's oxjusruuenta, oilubil^i aw »lin« «t aHv.* -**.•• s, in 

their jiriqiertles, in«le|wmlent *»f the apt«e«r*ne« «<f a »m#tl quantity *1 h^idr-.-g, n in t!n-»v 
Ctm* fading It f mark® fMareh Wl, tsuftj. • The *f\.m|4«a f«ndn«* -4 it,.:. p.-ir i4 
Aemlemy «f fkdenee* of Mar eh 1ft* l*tnS 4 r«*iit«4*iMia nvMimd by |t«fthid I «q-w», i|, n u>,n 
of argon witli th» vapour «f hwinw* under the aethm «*f a *»knt 4., = . ha**?,-. | ; , iq« 

twrimenH tterthehit w wwvdfd in treating H4 |«t e*nt. -f the **£..» i^tcn f. .* i) M 
purpomi, Hid tt^qdiwt to him by Haui*ay Cdt e e in allf The . 1 the j f.dmd 

tmuld not ho d«ten«lnM owing to the «uua}i armutfit .duained, hut »-,» i? » <.nt« 4 t l | 
nppMHIfln It quite feWtthkd the prsallirt burned UinW aiisnla.r » .unliin in by ltd*. £«n. 
Thl« uhvomthm of tlm tmmnm f*»#neh vh»wi*t In w«n»e extent ®n| ^ it® the auj i» 
thatargiNt I# a pcdymartiwil variety «l nitrogen wW»Mi**Wiil«*-e.nt«^ a n % , **faU»iMn*ty 
rdtrugen mhWImi K 1( HHmtld thin xnppmiitkn hm eventually *»-.oUr4. it ■m «*1 li| 

argnu will not o»ly not !»«#«* hut hmmm* greater, ^nr thu, ho* *»Bf # »« Hunt wait fsif 
further and dntaltwl ex|Wfim»nlai *kta ft«m lUyh-igh and U«tn*«y 

Tim kkit infnntwUon ahUUned hynrn frmn lennb<u* i« that by 

trmtmg dnvuitu (euntalidng IW, ? 4 0 %4 A-e | wiih anlphnru a. ,4, < I ta-e.-d 
m&t |udgl»g by tlm np^tnim, helium »}*». The aeettniuUtmn *4 aimdat d *i.^ , »?i«t 

4«1»W and 4i.vur»iftdi rnMHunah, e«n4*h.r*hly irmreuau Om «Uk *4 eh *mu *\ 
wtefcq tmtafttiy widttnfngt omnmI lit »lh«ti«tively treated in th-v« 'fq.mq.h* ,*f 
CtattSttar.* althmmh vntv i mhaidv f > .# 


APPENDIX III. 


— 110°*8 and — 121°*0, moan — 121° at a pressure of 50*6 atmospheres, 
vapour tension of liquid argon at - 123°*0, is 88-0 atmospheres, at — 
it in one atmosphere, and at - 189°*6 it solidifies to a colourless subsi 
like ice, The. specific gravity of liquid argon at about - 187° is nearl; 
which m far above that of other liquefied gases of very low absoluto b< 
point. 

The discovery of argon is ono of the most remarkable chemical ac< 
lions of recent times, and wo trust that Lord Rayleigh and Profossor Rai 
who made this wonderful discovery, will further elucidate tho true nkti 
argon, as this should widen tho fundamental principles of chemistry, to ^ 
the chemists of Groat Britain have from early times mado such val 
contributions. It would bo premature now to give any definite opi 
upon so new a subject. Only ono thing can bo said ; argon is so ineri 
its r/dc in nature cannot be considerable, notwithstanding its presence i 
atmosphere. But as tho atmosphere itself plays such a vast part i: 
life of tho surface of the earth, every addition to our knowlcdgo of its cc 
tiitiou must directly or indirectly react upon the sum total of our know 
of nature. 
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Matter, primary, ii. 440 

— transmutabtlity of, L 14 
Mercury* ii. 40 

—• ammonia ii. 57 

— basic Malt* of* ii. 84 

•— chlorides* ii 82, S3, 84 

— ftottipoitod#, heat of format! 

— cyanide, 4i IS 

— * fulminating, ii, 8ll 
Iodide* 0. 83 

— nitrate*, n, 81 

— nitride*. ir fill 
— « oxides, if. S3 

sulphate, II. 87 
«*- out ph hie a, ii. 29 1 
Metalepri*. i *Jtf» 471 
Metalloids* i. 23 
Metals, i> U 

of alkaline earths, i il, fifio 
of alkali*, 4. Slit 
displacement of* ii. Iff 
Methane* I. 300 

Moisture, determination of* In 

40 

Infftittm# open veaelion, §« 4 
Molecular volumes, ii §7 

— weight and p uni* I ; 

— * — «— eoeftleieitl mi fmttmUw. 

— — — latent heat, I. 320 

— « specific gravity #f «ol 
333 

— — — sutfaca yudm t i i»4 


mm* 


Moloonlmh ^ *119* 8*2 
Molyhdat*^* Ii. 3'J 
Molybdenum, is, 290 

— anhydride. is, 291 

— fhm compound*. si. 208 
«• - isulphidr**. ii 20 7 

ii. 178 

Momm«»dium ujih*»|4i*r.|»hfti©» £L 101 
Morpholmpy. «* 111 

KmrrsiA* I. 873, 077 
Nascent oHIo, i 44, HA, 140 

Neodymium, is. 07 
WipM. ». iUVI 
«— alloys, ii. ;ir» 7 
*«. tin«l rnrhonie oxide, II. <887 
— * lluniidc, ii< 88* 
hydroxide, is 05M 
oxide, ii. 865 
— . tuitjshiil*', i- 07 i ii 000 
—»• ittlm carboxyl, ii- 407 
Niobium, is. 104, Itw. 109 

Nitrates, l 9711 

Nitren, I. Win, MA 
Nitric anhydride, i, 2H0 
«r-, ostitis, i, 

Nitride*, i. 22V, Win, 020 

Nitrile*, i. 4**0 
Nitrite**, I 2 h 4 
J4itftM5*4Iii!«*M’. i. 970 
NUrmcuMimutids, i 5174 
Nitrogen. h TXK 290, 470 

— chloride* i 470 

— iodide, i. 0<»7 

— <t*idei of. i 987. 2 ‘Mi, 284* *94, *33 

— mdphtde, »» 9i*i 

Nilru nuisaiiln, ii lift I 

Nitron*!- compound*, I* 280 
Nitfomlpfiaie**, it. 820 

Nitiwyi rtdortd*. ii. 170 
Norweffhitif, ib 59 

Om.fiiiitw, I 144 

llbimnl ft**. i 070 

Owftim mrtallw 4» 0441 

.<lw»iiiit«i, it. 0*9. *W9. 384 
Oainotio i HI 

Clftifiitritliiifii, ii. 0H0 
.Oxntaide, b 4WI 
Oxidation, I. Ill 
OxhM, i 1**3 ; It M 
Oxycnb«dl*f*dti«» wilt*, II, 3051 
Oxygen. i. HI, I AH, 101 

*»** €i»sit|»iisi*b, hrn% id fWBMtittOII <C 4 
120. 4t» 

Omi, 4. m 2*2 
Ii. lift 

_ i iiif II. Mil 


POT 

Palladous chloride, ii. 379 
iodide, ii, 379 
Paracyanogen, i. 414 
iHtratnorphfam, ii. 9 
Parauulphatanmion, ii. 269 
Teat, i. 344 
l’tiliffot'N nalt, ii. 281 
Percentage composition, i. 320 
Perchloric anhydride, ii. 282 
Periodates, i. 0 to 
Permanganic anhydride, ii. 313 
Perirndybdatea, ii. 297 
Peroxide, chloric, i. 484 
Peroxides, L 159; ii. 15, *23 
Pcratiumic oxide, ii. 183 
Persulphates, is. 268 
Petroleum, i. 373 
Phenol, solubility of, i. 75 
Phlogiston, i. 17 
Phosgene gas, ii. 175 
Phosplmm, ii. 17H 
Phosphides, ii. 157 
Phosphine, ii. 188, 160 
Phusphtmium iodide, ii. 159 
Phosphoric anhydride, ii. 161 
Phosphorous anhydride, ii. 100 
Phosphorus, ii. 149 
— • ammonium compounds, ii. 178 
*•»** chloride!, is. 174 

— fluoride!, ii. 173 

— iodides, i. 595, 506 ; ii, 172 

— oxychlorides, ii. 175 
sulphides, ii, 213 
iuilpho*cbh*ride, ii. 213 

• ~ thermo chemical data for, ii. 163 
Phofcphufctted hydrogen, ii. 158, 160 
Photography, ii. 431 
Photo salts, ii. 432 
Plants, chemical reactions in, i. 647 

— and nitrogen, 1. 280 
Platinie chloride, ii. 077 

— hydroxide, ii. 379 

Plntmo -ammonium compounds, ii 891 
— chloride*, ». 407 ; ii. 378 
----- cyan idea, ii. 880 
» - nitrites, ii, 890 

— autphiten, ii. 890 
Platinous chloride, H. $79 
Platinum, ii. 370 

~~ alloys, it. 878 

— black, ii. 376 

— metals, li. 809, 875 

— oxide, 11. 37H 

Poly. haloid Halts, I, 046 
PoJymermm, I. *07, 807 
Polyuulphldest, ii. *17 
Potassium, i. 544, 558 

— aurate, 11. 449 

— bromide, i ‘000 


pot 

Potassium carbonate, 2, $49 

— chlorate, L 101, 482 

— chloride, i, 72, 543 

— chromate, ii. 280 

— cyanide, i. 412, 551 

— dichromate, ii. 278 
— - forrioyanitte, ii. 340 

— ferrooy&nidc, i, 340, 412 

— hydroHulphitte, ii. 219 
— - hydroxide, i. 548 

— iodide, i. 550 

— man t |auate, ii. 810 

— nitrate, i. 553 

— oxides, i. 559 

— permanganate, ii. 311 

— atammte, ii. 183 
*— sulphate, i, 72, 541) 

— sulphide, ii. 219 

— tellurlde, ii. 274 
Praacwolmltic salts, ii, 361 
Pmacodidymium, ii. 1)7 
Proteid tubaUm**, L 224 
Prout’a hypothesis, ii. 481) 

Prussian bW, l 419 ; il M 
PurpunwobaHte salts, 11, 561 
Purpums tetramlne salts, ii. 161 
Pyrocol h»i ion, i, 975 
Pyronaphtha, i. 873 
Pymmlphuryl chloride, 1, 831 1 th 118 


Rkaotionh, chemical, i. 8 
*— — conditions for, i. 84 

— — contact, 1, 59 

— — emlotlninml, 2. SO 
— " — * exothermal, i. 30 

— - * limit of, 1.437 

— — rate of, ii. 182 
KmlMOtinco, 22. 833 
Reduction, i. 16 
Refraction «npuvahmt, (. 880 
Itegfincrativc furnace*, i, $m 
R§Iftei , » salts, ii, 194 
Expiration, L 158, 154, 887 
Rhoaiotit* il. 381 

I to* salt, i. 421 
BoMocotaUto tall*, il. 3410 
R©*§tetm*mitm mite, il. 361 
Bnhidteite, i. 875 
Ruthenium, IL ITS, 882, IP 


fk&AMumtm, L 148, 818, 417 

— solubility of, I. 458 

— wpoor density of, L 817 
Salts, L 187, 419 

191,511 

— Lift, sots ilm 


ftf»0 

Salts, elect rolys i « of, 1. 191 

— heat of formation, 2. 189 

— inciting points of, 2. 135 
pyro, i, 193 

— theory of, i. 1 93 
Saponification* I. 830 
Scandium, it. 94 
tteUmium, ii. 275 

— chloride*, is. 278 
Rolenimi* anhydride, il, 271 
Silica, il. 100;' si, Um 

— NuUihte, si, 113 
Silicate®, i. Ml; 22, Ilf! 
Silicon, ii, 99 

— chloride, si. 103, 104 

— chloroform, ii. 108 
-** bromide, is, 104 

— fluoride, il 103 

— hydride, ii. 103, 108 
~~ Mute, il 1 m 

— * Imlnfprrii, ii. 105 
Milter* il 418 

■— sdlutroidn vnf tetsbi of* II. 42' 

— brmnhte, ii. 499 

— * chlorate, ii., 437 
»- chloride, ii, 429 
**-• cyanide, ii. 4113 

fluoride, it IM 
*•» ftslmitmlimt* ii. 438 

— hytmoilrite* I. 234 

— imlidn, it 4211 
«- nitrate* ii. 430 

— nitrite* l tM 

— «nthuplm*pliiit#, ii 104 

— nx Idea, 22. 4*24 
iwmsitln* ii. 429 

— plating, si. 434 
»•"* nidubte, si, 490 

* ■ anhehteridn, ii, 413 
Ii. 1193 
Small, ii, 1154 
Soap*, l 8111 
Hoik »*h, 2 BID 

— rsutiir* I, 537 

— itmftiifjftrfur* of, L lit 
•»» waste, i 033 
tWnUmld*, I, 8119 

Bod* Urns, I 937 

(tedium, L 118* SIS 

— alloy*. I Mi 

— ftsnikI#A»w, I 837 

— hicafteirtat*, I &M 
«— cirl«*n»tu, 2- Ilf, 125 

— »» rry»U)tebyttriil*« of* I, It 
—• tnftfmfaplttfw ttf, 4. if I 

— *■« point inti* of, L i'lft 

— 4, 419 

— dmdte mite of. 1» 4540 

— — * Mluttafia of. L (ML ®9„ ill 



Sodium hydride, I. 537 

— hydroxide, i 328, 520 

— solutions of, i. 520 

— nitrate, L 289 

— — solution* of, L 79 

— organo compound® of, 1. 040 

— oxide®, l 840, 541 

— phosphates, ii. 108 

— phvtinute, it. 878 

— pyronulphate, I. 518 
• — aemjuitmrbonate, l 828 

~~ » tan n ate. ii. 188 

— mthehlonde, l 840 

— sulphate, h 518 

— — add salt, i. 518 

— — oryiilalluhydratett of, I. 515 

— — solution* of, 1. 73, 510, 510 

— - sulphite, ii, 220 

— thiosulphate, ii. 230 

— — tin tion a of, i, 74 
tungstate, H, 204 

Boils, i, 844 ; ii. 711 
Solubility erndtideut of, l, 07, 71 
Solutions, 1. 880 

— miuoiius, h 59 

— boiling point* of. I. 04, 100 

— crystallisation of, i. 427 

— colour of, i. 95 

— diffusion of, i. 01, m 
•— of double wilts, i. 509 

formation of iaa from, I. 91, 488 

— bunt of formation of, t. 74, 78, 70 

— of gawm, i. 08 
teutonic, i. 04 
saturated, 1. 08 

-»■« apeeifle gravity of, i. 420, 584 

— euperuatttmted, i. 00 
*»»• theory of, L 04, 80, 03, 07400, 215, 

838,008; Ii. 3, 104 

— vapour tension of, L 90, 02 

— v**l UIO0* of, I. R? 

— Hpooifiu boat, f. m, 580, 518 
Spectra absorption, i, 500 
Spectrum analysis, I. 800, 801 
tiUmita iihbiridf*, IL 132 

•— fluoride, il, 182 

— mhk, ii, im 
«« itilfih i*K h. 133 
Btenomis chloride, IL 130 

— oxide, ii, 129 

— tutUa, Ii. 139 

Steam, vapour tension of, L 8# 

Blind, II. 827, 828, 330 
tUrontiura, L 1118 

— chloride. L 018 
— * hydroxide, I. 815 
*— plii ate, L 015 

— oxide, L 017 
Substitution ehamiosl. i 8 


Sulphamide, ii. 270 
Sulphatammon, ii. 269 
Sulphates, ii. 248 
Sulphides, i. 98 ; ii. 218 
Sulphonitrites, ii. 229 
Sulphoxyl, ii. 250 
Sulphur, ii. 200 

— chlorides of, ii. 264 
Sulphuretted hydrogen, ii. 208 
Sulphuric anhydride, il. 232 

— peroxide, ii. 251 
Sulphurous anhydride, ii. 224 
Sulphuryl chloride, ii. 268 
Superphosphates, il. 168 


Tantalum, Hi 194, 198 
Tellurium, ii. 274 
~~ bromide, ii. 275 

— chlorides, ii. 275 
Tellurious anhydride, ii. 271 
Temperature, critical, i. 181 
Test papers, i. 185 
Thallium, iL 88, 91 
Tballie oxide, ii. 93 
Thallou® hydroxide, iL 92 

— oxide, ii. 92 
Thiooarbonatea, ii. 209 
Thionyi chloride, ii. 267 
Thlophosgene, ii. 282 
Thiophoaphoryl fluoride, ii. 268 
Theory, atomic, i. 216 

— unitary, i. 195 

— vortex, i. 217 
Thermochemistry, i. 178 
Thorium, ii. 148 

Tin, ii. 125 

— alloy®, ii. 127 
Titanium, ii, 144 

— chloride, il. 145 

— nitride, ii. 140 
nltroevanide, ii. 140 

— oxides, ii. 145 
Tripoli, ii. 110 

Trisodium orthophosphate, il 160 
Tungstates, ii. 292 
Tungsten, ii. 200 

— anhydride, ii. 291 

— nitride, il 297 

— sulphide, ii. 297 
Turnbull’s blue, ii. 850 
Typos of combination, ii. 10 


tl LTR4MABXN1, il 84 
Uranium, 11 80, 297 

— atomic weight of, il 20 

— dioxide, U.$Q1 

— oxides, il 298 
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Uranium tetrachloride* ii. SOI 
Urano-alkali compounds, ii. *298 
Ur&nyl, ii. 801 

— ammonium carbonate* ii. 800 

— nitrate, ii. 800 

— phosphate, ii. 300 
Urea, L 400 


Valbnot of element*, I. 404* 418, 581 
Van tier Waal's formula, L 82, 140 
Vanadio anhydride, ii. 100 
Vanadium, ii. 104 

— oxychloride, ii. 195 

Vapour density, determination of, i. 801 
Ventilation, i. ‘244 
Viscosity, i. 355 
Volumes, molecular, ii. 4 

— gases, i. IKK) 


Wateh, L 40 

— composition of, L 114, 118, 148, 189, 
805, 838 

— oompresslbillty of, l 5$ 

— of constitution, i. 109 

— of crystallisation, 1. 95, 510 

— dissociation of, i. 118 

— expansion of* i 88 


Water gm t l 1*29, 400, 401 

— hard, L 47 

— hygroscopic, i. 80 

— mineral, i 43 
rain, L 43 

— river, i. 43 

— neo, I. 40 

— specific heat of, i. 83 

— — gravity of, L 80 

— spring, I. 44 
Waw lengths, L 804 
Wood* i. 839 


Yttrkmom, Ih 91' 
Yttrium, II. 98 


Zsm t ii. 89 

— a*?ti*H*nia- chlorides, 12, 4 

— chloride, ii. 40, 41 

— compounds, heal of for 
81 

— oxide, II, 89, 40 

— sulphate, ii. 89 
Zirconium, ii. 140 

— chloride, ii, 147 

— hydroxide, ii. 147 

— oxide, ii. 147 



